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“To guarantee fair deal you’ll all get the same exam task: To climb that three.” 
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Korfor meg korfor ikkje deg. 
Korfor kan ikkje eg gjør lekser utan å bli kjefta på. 
hvorfor grin eg, og korfor slår eg når det ikkje er grun får det. 
Korfor blir eg sur av berre en bagatell, og 
Korfor kan ikkje andre forsto. 
Korfor tok det 12 år før eg fekk hjelp. 
Som hjalp og korfor blir eg mobba og utfryst. 
Ka vis det var deg og ikkje meg. 
Korfor vart eg føtt te denne grusomme verden. 
  
Men Korfor fekk eg ikkje hjelp da. 
Og Korfor var det ingen som hørte på meg 
Korfor måtte det gå so langt at eg blekna og så bilde av 
Meg nor eg vart mobba og. tenk om alle mine tåra 
Ha vor van så kunna en afrikaner i naud hat vatten i et Helt liv. 
Korfor gjekk eg op på det fjellet og korfor sklei eg. 
Korfor måtte det gå so lang tid før eg fekk hjelp, at 
Eg måte lide så lenge og ha det så vont. Før dem såg. 
Korfor måte eg ligge opp i den skråninga. Og 
Korfor måte eg grine, og Korfor må eg ødelegge alt som var bra. 
  
Men svare på alt eg kanskje det få, men eg sølv 
For te legen, og BUP etter på. Der dem forsto og gjedde meg hjelp 
Eg tenkte endelig noen så trur, og endelig noen som hører. 
Alt som skulle til var en tablett, og eg vart nesten normal. 
Etter alle dissa åra. Å hjelpa eg trengte var berre en kapsel 
                                     
Gutt 13 år, ADHD-foreningens hjemmeside (http://www.adhdnorge.no/index.asp?id=29718) 
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”Manic–depression distorts moods and thoughts, incites dreadful behaviour, destroys the 
basis of rational thought, and too often erodes the desire to and will to live. It is an illness 
that is biological in its origins, yet one feels psychological in the experience of it; an illness 
that is unique in conferring advantage and pleasure, yet one that brings in its wake almost 
unendurable suffering and, not infrequently, suicide.  
I am fortunate that I have not died from my illness, fortunate in having received the best 
medical care available, and fortunate in having the friends, colleagues, and family that I do.”             
                                                         Kay Redfield Jamison, Ph.D, ‘An Unquiet mind’, 1995 
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Preface 
“For scientific investigation in medicine and psychiatry the unit of investigation is the 
disorder, while for clinical practice the unit is the individual” (Klerman1984: A debate on 
DSM-III) 
During residency training in psychiatry, it became apparent to me that some of the patients 
fulfilling the diagnostic criteria of bipolar disorder had considerable cognitive problems, 
independently of state. These were often the same patients who did not respond very well to 
medication and therefore experienced longstanding episodes. Still, their cognitive problems 
seemed to bother them even more than their mood episodes when it came to daily life 
function. These patients obviously manifested a different illness than classic bipolar disorder, 
and it was frustrating not to know how to help them.  
Years later I started working in child- and adolescent psychiatry. It struck me that bipolar 
disorder, one of the most frequent disorders in adult psychiatry, did not exist in here, even 
though many of my former patients had reported onset in childhood or adolescence. In child 
and adolescent psychiatry the most frequent diagnosis was ADHD, often accompanied by 
mood instability and several concurrent disorders. Some of these were youths who were not 
helped by stimulants.  Apparently different illnesses also met the same diagnostic criteria also 
in ADHD.  
For both clinicians and our patients, diagnoses are tools; working concepts for choosing the 
best treatment. In the case of ADHD and bipolar disorder, there are several overlapping 
symptoms which, together with the wide and developmental insensitive diagnostic criteria of 
bipolar disorder, make it difficult to find the suitable diagnostic tool.  Therefore, I wanted to 
investigate whether underlying neurological difficulties could promote diagnostic accuracy. I 
also believe that difficulties underlying the symptoms, rather than merely descriptive 
diagnoses should guide our intervention. In this thesis I focus on areas that are particularly 
important for social and academic function in children and adolescents, namely neuromotor 
function, attention, executive control, processing speed and memory. Understanding the 
neurological problems behind behaviour symptoms is essential in order to communicate with 
our patients and help them with problems in relationships, school and leisure activities. It is a 
matter of meeting our patients and their needs where they are. 
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Summary 
Objective: The distinction between Bipolar Disorder (BD) and Attention Deficit/ 
Hyperactivity Disorder (ADHD) in youths is difficult because of similar behaviour 
presentation. Delayed diagnosis and treatment of early onset psychiatric disorders is 
associated with considerable morbidity and mortality, and an adverse effect on psychosocial 
development and academic achievement. Identifying neuromotor and neurocognitive 
problems underlying similar symptoms may perhaps aid diagnostic accuracy, and also be 
valuable in the understanding of daily life problems and facilitate tailored education. 
 
Specific aims of this thesis were as follows: Is there a symptom overlap between ADHD and 
BD as measured by parent and teacher rated ADHD questionnaires? May performance on 
tests of neuromotor and neuropsychological test differ between youths fulfilling the 
diagnostic criteria of ADHD, BD and subgroups of BD? Can neuromotor and 
neuropsychological tests performance promote diagnostic accuracy in differentiating ADHD 
from BD in clinical practice? Is ADHD in the context of BD similar to ADHD that occurs 
alone?  
 
Design: Cross- sectional study: BD vs. ADHD vs. ADHD+BD vs. Control  
 
Sample: Sixty-eight children and adolescents aged 6-18 years, who fulfilled the DSM-IV 
diagnostic criteria for BD (I, II, NOS), ADHD combined type (ADHD-C) or both. 
Concerning the neuropsychological data, 69 controls examined primarily for another study, 
were included for comparison. 
Assessments:  
Diagnostic interview: Kiddie-Schedule for Affective Disorders and Schizophrenia Present and 
Lifetime version (KSADS-PL).  
Questionnaires: ADHD rating scale-IV. (Other questionnaires provided characteristics of the 
clinical sample, and were not analyzed as dependent variables (Achenbach System of 
Empirically Based Assessment check list (ASEBA), Mood and feelings questionnaire (MFQ), 
Parent General Behaviour Inventory 10 item (PGBI-10)). 
Soft sign and motor test: The Neuromotor examination for children; NUBU. 
Neuropsychological tests: Wechsler’s Intelligence Scales (WISC-III and WAIS-III).  
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Continuous Performance Test-II, Children’s Checking Task, Stroop Test, Wisconsin Card 
Sorting Test, Children’s Auditory Verbal Learning  Test-II, Knox Cube Test.   
 
Results: The main findings in this thesis were:  
 ADHD-rating scale-IV scores from home and school scores are elevated in both BD and 
ADHD-C, and may lead to misdiagnosis of comorbid ADHD in BD (paper II). 
 The positive predictive value of NUBU in the diagnosis of ADHD-C was 89% for ‘Total 
soft signs’ and 87% for ‘Static coordination’ below the 7.5 percentile (Paper I).  
 ADHD-C in the context of BD may be pathophysiologically similar to ADHD that occurs 
alone, while the inattentive type of ADHD occurring in the setting of BD is mainly an 
artefact due to overlapping symptoms with BD (Papers I - II).  
 Though there are somewhat different neuropsychological profiles in BD and ADHD-C, 
these cannot be used to differentiate between the disorders due to low sensitivity (Papers 
II- IV):  
- Deficit semantic organizing and long-term memory was specific to the BD subgroup 
with a history of psychotic symptoms. ADHD-C had no genuine memory deficit. 
- Increased reaction time variability (inattention) was specific to ADHD-C, but 
characterized only about half of those with ADHD-C diagnosis. 
- All clinical groups demonstrated impaired processing speed. 
- The ADHD-C group and the BD subgroup with a history of psychotic symptoms both 
demonstrated some executive problems; these were partly speed-dependent. 
 
Conclusion: Neither neuropsychological tests nor parent and teacher rated ADHD- 
symptom questionnaires differentiate ADHD from BD. Neuromotor tests does. Inattentive 
symptoms in BD are not related to the inattentive type of ADHD. Cognitive deficits in BD 
characterize mainly those with a history of psychotic symptoms. Processing speed 
characterize all BD subgroups and also ADHD-C. Some executive problems are speed-
dependent.  
These findings may have important implications for everyday diagnostic work and 
perhaps facilitate interventions in order to prevent functional impairments. The findings 
may also lend insight into the neurobiological systems that are disrupted in these 
disorders.  
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1  Introduction 
Several large scaled retrospective studies of adults with bipolar disorder (BD) report that 
about half of the patients had their first symptoms during childhood or adolescence1, 2. 
Average duration from childhood and adolescence onset to first treatment was found to be 
18.6 and 11.1 years respectively, in a retrospective Norwegian study 3. This is a serious 
problem because early onset BD is associated with worse outcome 4, 5. 
The diagnostic procedure of BD in children and adolescents is challenging, and and the 
reported rates of comorbidity with Attention Deficit Hyperactivity Disorder (ADHD) show 
great variation. This probably reflect a diagnostic confusion related to  overlapping diagnostic 
criteria used to diagnose ADHD and mania (excessive talking, physical restlessness, 
distractibility, impulsive behaviour) 6,  failure to include mood instability in the current 
diagnostic criteria of ADHD 7, 8, developmental issues 9-11 and similar cognitive symptoms 
reported in both disorders 12-15. 
 The symptom overlap between the disorders may lead to overdiagnosis of ADHD in youths 
with BD and vice versa if nonspecific symptoms such as mood lability, poor concentration, 
and high motor activity are counted towards more than one diagnosis 6, 11.  
When symptoms are properly identified and scored, the diagnostic categories of ADHD and 
BD appear as unrelated 16, with different courses and different treatment needs. Repeated 
mood episodes in BD are associated with progressive cognitive and functional impairment 17. 
In ADHD, the natural outcome is poor 18 and early treatment appears to be the strongest 
predictor for being in work as an adult 19, 20. Early accurate diagnoses of BD and ADHD are 
therefore necessary to guide appropriate intervention and to avoid the hazards of inappropriate 
treatment protocols based on faulty diagnoses 21-26. 
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1.1 Validity and utility of psychiatric diagnoses 
 “.. Although most (psychiatric) diagnostic concepts have not been shown to be valid.., many 
possess high utility by virtue of the information about outcome, treatment response, and 
etiology that they convey. They are therefore invaluable working concepts for clinicians.”  
Kendell & Jablensky 2003 
In 1970 Robins and Guze listed five criteria important for the validity of psychiatric 
diagnoses: 1.Clinical description (symptom profiles, demographics), 2.Laboratory studies 
(psychological tests, radiology, genetics), 3.Separation from other diagnoses (exclusion 
criteria), 4.Further studies (effect of treatment, diagnostic stability) and 5.Family studies. 
They used these criteria to show that “good prognosis schizophrenia is not mild schizophrenia 
but another diagnosis” 27. Robins and Guze were inspired by the successful introduction of 
lithium, antidepressants and antipsychotics, which led to the reassessment of the utility of the 
present neurosis-psychosis model 28.   
The Robin and Guze criteria have been very influential on the development of the criteria 
based diagnostic systems in the American Psychiatric Association’s Diagnostic and Statistical 
Manual of Mental Disorders (DSM III and IV) 29 and the World Health Organization 
(WHO)’s Tenth Revision of the International Classification of mental and behaviour 
Disorders (ICD-10) 30. There are major strengths of this approach: It is mainly atheoretical 
regarding disease aetiology and facilitates communication and research exploring potential 
causal pathways and treatment response. The recognition of mental disorders as diseases like 
physical diseases has lessened the stigmatization and contributes to securing the same benefits 
to the mentally ill as to the physically ill.  
Though the criteria based diagnoses intended to clarify the diagnostic nosology, the 
comorbidity rate and proliferation of new diagnoses are controversial consequences of the 
present classification systems 31, 32. In research, structured interviews help to standardize the 
assessment, but if the answers are taken at face value not caring for personal meaning behind 
the words and the accompanying non verbal communication, the gestalt of the disorder may 
be lost and decomposed into several comorbid disorders. Psychiatric symptoms are typically 
unspecific and the apprehension of psychopathological phenomena requires a good deal of 
clinical experience; the trainee will count symptoms while the experienced clinician will rely 
more on prototypes.  
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 In the clinical encounter, diagnoses are only working concepts to guide our intervention, but 
are easily assumed as entities whose validity does not need to be questioned. They are used by 
the patients to name their complaints and by their surroundings to label the patient. This may 
be valuable in the comprehension of daily life problems, but may also affect the 
conceptualizing of psychopathology in a fatalistic way, and promote cementation of the 
problems and stigmatization of the patient rather than being a guide to intervention. However, 
diagnostic labelling is not antagonistic to the uniqueness of the individual  33. 
Robins and Guzes’s validity criteria assumed that psychiatric diagnoses are discrete entities 
with a physical substrate. This may true for some disorders, while others may be dimensions 
of continuous variation or different clinical presentation of the same phenomenon. Thus, few 
of the present psychiatric diagnoses can be regarded as valid according to the Robins And 
Guze’s criteria 34. This does not imply that they do not exist, but that psychiatry is in the 
position that most of the medicine was 150 years ago; we have to define most disorders by 
syndromes. Still, we do need a reliable diagnostic nosology for practical and scientific 
purposes:   we need working concepts in communication and research, - and thereby 
providing information about risk factors, course and, most important: effective intervention 
for improving the clinical outcome.   
 
The data collection preceding this thesis obtained information from all the five validity 
domains of Robins and Guze. In the thesis the focus is on selected ‘laboratory findings’.  
 
1.2 Bipolar disorder diagnosis 
BD is a brain disorder where extreme changes in energy; activity, sleep, and behaviour 
accompany changes in mood. BD-I consist of periods of mania and possibly major 
depression. BD-II is distinguished from BD-I by milder manic phases and periods of major 
depression. BD is a highly hereditable neuropsychiatric disorder 35-38, associated with 
considerable morbidity and mortality 39, 40, but also with increased creativity 41. BD most 
often develops in a person's late teens or early adult years 42 but a childhood onset is 
increasingly reported 43, 44. 
Since the time of the ancient Greeks, physicians have recognized mania and melancholia as  
two different phenomenological states of the same disease. The modern concept BD was 
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introduced by Kraepelin in 1889 who based on broad clinical experience described the 
symptoms of ‘manic depressive insanity’, and later described mania also in young children 45, 
46. The Kraepelinian nosology is a touchstone for the DSM -IV and ICD-10 classification 
systems of mental disorders.  
1.2.1 The controversy over the validity of early onset bipolar 
disorder  
The acceptance of BD in children has been highly controversial after the first criteria were 
developed in 1960 47-49. In the mid nineties an influential research group argued for a 
‘Juvenile Bipolar Phenotype’ with chronically mood-swings and extreme irritability 50, 
leading to a 40 fold increase in BD diagnosis in US children from 1995-2003 44. Later 
research has proven that this severe mood dysregulation phenotype is not related to BD 51.  
Some authors claim that BD hardly exists in children 52. This probably depends on the 
sample. Duffy studied offspring of BD-I parents with no comorbidity and with a healthy co-
parent 53. They revealed that BD typically emerge through stages; from nonspecific childhood 
anxiety and sleep problems, to increased sensitivity to stress and sub-threshold mood 
disturbances and subsequently starting in adolescence with a major mood episode. The first 
episode was typically a major depression at the average age of 13 years (range 8 -22 years), 
the earliest onset was 11 years. Average latency between the first major depression and the 
first hypomania or mania was 4.9 years. No manic episode was observed before puberty 54, 55. 
The Amish study 56 reported similar progressive development of BD in BD-I offspring.  
However, the world is usually more complex. The co-parent may suffer from another mental 
disorder and most mental disorders are highly heritable. Besides, parent suffering from major 
psychiatric disorders are not always good parents, and neglect is associated with earlier onset 
increased severity of symptoms and poorer course of BD 57-60. Two large-sized studies report 
the first manic episode at mean age below 10 years 61, 62. These children displayed high 
frequency of rapid cycling and psychotic episodes 21, 63, but a clear episodic course 64, 65. 
Whether ADHD is a precursor of BD probably depends on the BD subgroup 66. Offspring of 
lithium responders typically have had no cognitive difficulties, while cognitive problems and 
comorbid ADHD may be BD antecedents among offspring of lithium non-responders 67. 
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1.2.2 The diagnostic criteria of bipolar disorder 
The diagnostic criteria of BD are rather complex, perhaps reflecting the ongoing discussion of 
expansion of the BD diagnostic category 68. The research criteria of BD in ICD-10 are quite 
similar to, but more restrictive than the DSM-IV criteria:   
BD-I: DSM-IV:  One manic or mixed episode alone is sufficient to diagnose BD-I.  
          ICD-10 requires at least 2 mood episodes for BD-I, one must be mania or mixed mania.  
BD-II: Both classification systems require at least 1 hypomanic plus 1 depressive episode. 
BD-NOS:  Bipolar features that do not meet the criteria for BD-I or BD-II are called BD Not 
Otherwise Specified (BD-NOS) in DSM-IV, and ‘Other BD’ in ICD-10. Cyclothymia, 
episodes of hypomania that shift back and forth with mild depression over years, are often 
included in the bipolar spectrum.  
 
The present thesis refers to DSM-IV BD-I, BD-II and BD-NOS considering developmental, 
environmental and cognitive influences on the child or adolescent’s behaviour and awareness 
of the developmentally insensitive diagnostic criteria of BD- and that diagnoses are working 
concepts that may turn out to be wrong. (Therefore, all patients were offered diagnostic 
reassessment after 2-3 years and after the age of 18 (not a part of the present thesis)).  
DSM-IV: 296.0-7 Manic Episode ≈ ICD-10:F.30.1 Manic Episode:  
A. Distinct period of abnormally, persistently elevated, expansive, or irritable mood, (lasting 
1 week; less if hospitalization is required). Marked impairment in occupational 
functioning, social activities or relation-ship, or to necessitate hospitalization to prevent 
harm to self or others, or there are psychotic symptoms.  
B. At least 3 criteria present during mood disturbance (4 if mood disturbance is irritability): 
1. Inflated self-esteem or grandiosity = ICD-10: B6. 
2. Decreased need for sleep = ICD-10: B5.  
3. More talkative or pressured speech = ICD-10: B2. 
4. Flight of ideas or racing thoughts = ICD-10: B3. 
5. Distractibility ≈ ICD-10: B7. Distractibility or constant changes in activity or plans  
6. Increased goal-directed psychomotor agitation ≈ ICD-10: B1 Hyperactivity or restlessness  
7. Excessive involvement in risky, pleasurable activities (e.g. unrestrained buying sprees, 
sexual indiscretions, or foolish business investments) ≈ ICD-10: B4. Loss of normal sosial 
inhibitions, inappropriate behaviour. B8 ICD-10:  Behaviour that is foolhardy or reckless 
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and whose risks the individual does not recognize ICD-10: B9. Marked sexual energy or 
sexual indiscretion 
DSM-IV 296.0/.6 mixed episode ≈ ICD-10: F31.6 Mixed mania 
Criteria met both for Manic and Major Depressive Episode (except for duration) nearly every 
day at least 1 week. ICD-10: A at least 2 week. 
Marked impairment in occupational function, usual social contact activities or relationships 
with others, necessitate hospitalization or there are psychotic features.  
DSM-IV 296.89 Hypomanic episode ≈ ICD-10 F.30 Hypomanic episode;  
A. Same as manic episode, but lasting only 4 days. Mood disturbance is not sufficiently 
severe to cause marked impairment≈ ICD-10 
B. Same as manic episode. In ICD-10 the ‘impulsiveness criteria’ are somewhat different: 
ICD-10: B.1: Increased activity or physical restlessness, ICD-10: B.5 Increased sexual 
energy, ICD-10: B.7 Increased sociability or over-familiarity. ICD-10: B.6 mild over-
spending or other types of reckless or irresponsible behaviour. 
DSM-IV 296.2 Major depressive episode ≈ ICD-10: F32.0-3 Depressive episode  
A: Five or more symptoms most of the day during the same 2 weeks. At least one symptom is 
depressed mood (or in children and adolescent irritable mood) or loss of interest in pleasure.  
8. Depressed mood 
9. Marked diminished interest or pleasure in (almost) all activities  
10. Weight loss >5% (children: not expected weight gain) or increased or decreased appetite  
11. Insomnia or hypersomnia 
12. Observed psychomotor agitation or retardation 
13. Fatigue or loss of energy 
14. Feelings of worthlessness or excessive or inappropriate guilt  
15. Diminished ability to think or concentrate, or indecisiveness  
16. Recurrent thoughts of death 
ICD-10: F32.0-3 Depressive episode:  
2 weeks of core symptoms:  
I. Depressed mood to a degree that is definitely abnormal for the individual 
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II. Loss of interest or pleasure in activities that is normally pleasurable; 
III. Decreased energy or increased fatigability. 
At the same time additional symptoms:  
 1.  Loss of confidence and self-esteem; 
2.   Unreasonable feelings of self-reproach or excessive and inappropriate guilt 
3.   Recurrent thoughts of death or suicide, or any suicidal behaviour; 
4.   Diminished ability to think or concentrate, such as indecisiveness or vacillation; 
5.   Change in psychomotor activity, with agitation or retardation  
6.   Sleep disturbance of any type; 
7.   Change in appetite (decrease or increase) with corresponding weight change. 
DSM-IV: 296.80 BD Not Otherwise Specified ≈ ICD-10: F 31.8 Other BD 
1. Very rapid alternation between manic and depressive symptoms that meet the threshold 
criteria but not the minimal duration criteria for Manic, Hypomanic or Depressive episode or 
2. Recurrent Hypomanic episodes without intercurrent depressive episodes   
 In our study Item 1 was defined as cyclothymia and Item 2 according to the COBY criteria. 
 
The Course of bipolar youth (COBY) criteria 61   
“A minimum of mood plus 2 associated DSM-IV symptoms, or irritable mood plus 3 DSM-
IV associated symptoms, along with a change in the level of functioning, duration of a 
minimum of 4 hours within a 24-hour period, and at least 4 cumulative lifetime days meeting 
the criteria”. This is a “maybe- bipolar” definition; in an average four-year follow-up period 
36% of youth with BD-NOS according to the COBY criteria has converted to BD-II or BD-I. 
  
DSM-IV 301.13 Cyclotymic disorder = ICD-10 F34.0 Cyclothymia 
A. At least 2 years (in children and adolescents 1 year) of instability of mood involving 
several periods of both depression and hypomanic symptoms and depressive symptoms that, 
with or without intervening periods of normal mood.  ≈ ICD-10: At least 2 years  
B. None of the manifestations of depression or hypomania during such a two- year period 
should be sufficiently severe or long lasting to meet criteria for manic episode or depressive 
episode (moderate or severe); however, manic or depressive episode(s) may have occurred 
before, or may develop after, such a period of persistent mood instability.  
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1.3  ADHD diagnosis 
ADHD is a childhood-onset disorder characterized by severe and impairing inattention, motor 
hyperactivity, and impulsiveness. Despite high heritability 69-72, word wide prevalence 73, 
considerable increased morbidity and mortality 26, 74, 75, neurodevelopmental features 76-80, 
associated learning difficulties 81, 82, and evidence of chromosomal abnormalities 83 some 
persist in arguing that ADHD is mainly a social construct 84.  
References to ADHD symptoms in the literature date back several centuries, the first 
description in the medical literature was in Lancet in 1902 85-87. In the 1940s, it was called 
‘minimal brain injury’, which was replaced with ‘minimal brain dysfunction’ in 1962 88. The 
ADHD label is from DSM-III.  ICD-10’s diagnostic criteria ‘Hyperkinetic disorder (HKD)’ 
are more restrictive than the DSM-IV’s ‘AD/HD’. The ADHD label is used for both; 
therefore the prevalence of ADHD does differ between studies.  
1.3.1 The diagnostic criteria of ADHD  
DSM- IV and ICD-10 have developed somewhat different diagnostic systems, but ICD-10’s 
Diagnostic criteria for research recognize the same 18 symptoms as DSM-IV; nine inattentive 
and nine impulsive and hyperactivity symptoms. Symptoms have to present in two or more 
settings and there has to be clinically significant impairment in social, academic, or 
occupational functioning. The symptoms must be recognized before the age of 6 (ICD-10) or 
7 (DSM-IV) years.  
DSM-IV describes 3 sub-types:  1. ADHD Combined Type: a minimum of 6 criteria for 
inattention and a minimum of 6 criteria for hyperactivity are met (equal to ICD-10’s HKD).  
2. ADHD Predominantly Inattentive Type if only a minimum of 6 criteria for inattention are 
met. 3. ADHD Predominantly Hyperactive–Impulsive Type if only a minimum of 6 criteria 
for hyperactivity are met.  
The diagnosis of HKD is restricted in the presence of other disorders like mood or anxiety 
disorders, and there is a separate category for the most prevalent comorbid condition 
(Hyperkinetic conduct disorder). DSM-IV allows comorbid conduct disorder as well as other 
psychiatric diagnoses. The present thesis refers to ADHD Combined Type (ADHD-C).  
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DSM-IV 314.01:  ADHD combined type ≈ ICD-10 F90 Hyperkinetic Disorder 
A. Six or more of the inattention criteria and six or more of the hyperactivity/ impulsivity 
criteria to a degree that is maladaptive and inconsistent with developmental level;   
Inattention:  
a. Fails to give attention to details/ makes careless mistakes at schoolwork/ work/ other 
activities 
b. Difficulty with sustaining attention 
c. Often does not seem to listen when spoken to  
d. Often does not follow through on instructions/ fails to finish activities (not due to 
oppositional behaviour) 
e. Often have difficulty organizing tasks 
f. Often avoid/ dislikes tasks that require sustained attention 
g. Often loses things 
h. Often easily distracted by extraneous stimuli 
i. Often forgetful  
Hyperactivity: 
a. Often fidgets with hands or feet, squirms in seat 
b. Often leaves seat in classroom/other situations when remaining seated is expected 
c. Often runs about/climbs excessively in inappropriate situations (adolescents/adults: 
restlessness) 
d. Often has difficulty playing/engaging in activities quietly 
e. Is often ‘‘on the go’’ or ‘‘driven by a motor’’   
e. Often talks excessively  
Impulsivity: 
a. Often blurts out answers before question is finished 
b. Often has difficulty awaiting turn 
c. Often interrupts or intrudes 
 
B.  Symptoms that caused impairment were present before 7 years of age (ICD-10: 6 years). 
C.  Symptoms cause impairments present in 2 or more settings (e.g. school/ work/ home). 
D. Clinically significant impairment in social, academic, or occupational functioning. 
E.  The symptoms are not better accounted for by another mental disorder.  
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1.4 ADHD and bipolar disorder; comorbidity or 
confusion?* 
“For every complex problem there is a solution that is simple, neat and wrong.”  Mencken 
 
The frequent co-occurrence of BD and ADHD in children has been a matter of much 
discussion and research the last decades 89. Dramatically variable rates of concurrent ADHD 
and early onset BD have been reported in the literature, with comorbidities ranging from 0%-
98% 90, 91. Highest rates of comorbidity are reported in the US 92 in contrast to Canadian, 
European and Asian studies 53, 90, 93, 94. These controversies may have several explanations; 
(i) Overlapping diagnostic criteria between ADHD and BD 16 (Table 1.4.1) 
(ii) The often neglected mood instability in ADHD leads to overdiagnosis of comorbid BD in 
ADHD 7, 95, 
(iii) Developmentally insensitive BD criteria  
(iv) More use of psychostimulants and antidepressants in the US may lead to the earlier onset 
of BD 96, 
(v) A subgroup with comorbid ADHD and BD may share an underlying biological aetiology 
(i.e., a common familial risk) that has a great genetic loading in the US population 97  66, 
(vi) Diagnostic differences between US and UK clinicians 49, 98, 
(vii) The DSM-IV criteria for ADHD and BD are broader than the respective ICD-10 criteria. 
 
The diagnostic criteria for manic episode and ADHD combined subtype directly overlap for 
symptoms of talkativeness, distractibility, and increased activity/ restlessness (Table 1.4.1). 
Others are not directly overlapping but may be difficult to discern. Examples are flight of 
ideas in mania and impaired sustained attention/ failure to finish tasks in ADHD, and 
excessive involvement in pleasurable activities/ loss of normal social inhibitors in mania and 
the impulsivity criteria in ADHD.  
 
Children may be unable to accurately self-evaluate and distinguish between pretend and 
reality. They are also more influenced by environmental stressors and input. Children will 
                                                 
* This suitable title is borrowed from 11.Carlson GA. Mania and ADHD: comorbidity or confusion. J Affect 
Disord. 1998; 51(2): 177-87.  
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usually be aroused and have trouble sleeping when exited, even more so in those with ADHD. 
Thus, psychosis and manic symptoms may be difficult to evaluate in children 10, 11, 99.   
 
Individuals with ADHD are impaired in emotional self-regulation and frequently experience 
mood instability, resulting in hot temper, low self-esteem with dysthymic characteristics, a 
diminished ability to handle life stresses and shifts between normal mood, depression, 
irritability, excitement and manic symptoms 7, 95, 100, 101 8. The lack of formal recognition of 
mood symptoms in ADHD may lead to misdiagnosis of ADHD as broader spectrum BD, 
especially with the diagnostic construct ‘Juvenile BD’ including chronic irritability rather 
than distinct episodes 50, 102. However, in DSM-IV mood instability is included only as an 
associated feature of ADHD, while in HKD mood disorder is an exclusion criterion (G7).   
On the other hand are mood episodes in children with BD are often longstanding with inter-
episodic mood instability and cognitive symptoms, and may be difficult to discern from 
ADHD10 103.  
It is reasonable that the similarities between ADHD and BD are reflected not only in artificial 
comorbidity but also in equal symptoms reported from the surroundings. Thus, parent and 
teacher rated check-lists of ADHD symptoms (without lifetime perspective) do not 
necessarily correspond to the ADHD diagnosis. A study comparing youths with BD and 
ADHD found equally raised score on parent and teacher rated ADHD questionnaires, but 
scarce cognitive deficit in the BD group 104.   
Still, the diagnostic categories of ADHD and BD appear unrelated, with different courses and 
different treatment needs 16, and it is important to make a correct diagnosis to guide our 
intervention. Identifying neurological problems behind the symptoms may perhaps promote 
diagnostic accuracy.  
 In the present thesis we focus on neuromotor function, attention, executive functions and 
different aspects of learning and memory, because disabilities in these areas often lead to 
significant problems in daily life and academic function.  
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Table 1.4.1 ADHD and manic episode: overlapping symptoms  
ADHD Inattention  Bipolar disorder manic episode criteria  
Inattention  (≥ 6 symptoms, ≥ 6 months) A Criteria 
(lasting 1 wk; less if hospitalization is required) 
Distinct period of abnormally, persistently  
elevated, expansive, or irritable mood   
Fails to give attention to detail  
or makes careless mistakes 
Difficulty with sustained attention 
Often does not seem to listen when spoken to 
B  Criteria  
3 are present during period of mood disturbance;  
( 4 if mood disturbance is irritability) 
Often does not follow through on instructions 
 or fails to finish activities 
Often has difficulty organizing tasks 
Avoids/ dislikes tasks requiring sustained effort Increased self-esteem or grandiosity  
Often loses things Decreased need for sleep  
Is often easily distractible by extraneous stimuli More talkative or pressured speech  
Is often forgetful Flight of ideas or racing thoughts  
Hyperactivity/impulsivity (≥ 6 sympt ≥ 6 
months) 
Distractibility  
Often fidgets Increased activity, psychomotor agitation  
Often leaves seat when staying in seat is expected 
Excessive involvement in risky, pleasurable 
activities  
Often runs about/ climbs in inappropriate 
situations 
 
Often has difficulty playing quietly  
Is often ‘‘on the go’’ or ‘‘driven by a motor’’  
Often talks excessively  
Often blurts out answers  
Often has difficulty awaiting turn  
Often interrupts, intrudes  
Selected overlapping associated features 
Engaging in risky activities secondary to 
impulsivity 
Episodic impulsive behavior 
Low frustration tolerance Episodic irritability 
Temper outbursts Temper outbursts 
Mood lability Rapid  mood shifts 
Trouble sleeping when exited Episodic decreased need for sleep 
Bold face italicized text indicates overlapping symptoms.Italics indicate manic symptoms that overlap 
with associated features of ADHD.  
27 
 
1.5 Developmental and environmental issues 
When working with children and adolescents, a basic understanding of diagnoses is not 
enough. A thorough developmental history is critical to understand the various factors that 
may be influencing the child’s clinical presentation; Prenatal risk factors, birth outcome, 
temperament, quality of attachment, relationships, early play behaviour, developmental 
milestones, adaptation to school and peer relationships, history of life events and possibly 
trauma 57, 60, as well as relevant family factors including family conflicts,  parental 
psychopathology and family history of psychiatric illness. Evaluating a child is particularly 
challenging given parental psychopathology or conflicting reports, environmental stressors 
and limitations of child’s self report. It is also critical to have knowledge of normal cognitive 
and affective development to determine whether behaviour is expected or pathological during 
the individual’s present stage of development 10, 105.  
Brain development proceeds first in sensorimotor areas, spreading subsequently and 
progressively into dorsal and parietal, superior temporal, and dorsolateral prefrontal cortices. 
Thus, brain regions sub-serving cognitive, behaviour and affective control undergo substantial 
development during late childhood and adolescence. Progressive myelination and associated 
synaptic pruning account for the increasing efficient connectivity between these ‘higher-
order’ regions. Disturbances in these developmental patterns seem to be involved centrally in 
the pathogenesis of BD and ADHD 9, 106, 107. 
 
1.6 The burden of early onset psychiatric 
disorder 
It is seldom a coincidence what arouses ones curiosity, in my case it originated in early 
childhood. As a child I was not able to behave in a way that would make the other children 
like me. Impulsively I said and did the wrong things in the wrong places. I didn’t catch what 
others said and I was restless, forgetful, extraordinary clumsy in sports, very shy, lonely and 
sad. I preferred to stay at home reading books, and since I seldom remembered what my 
homework was, just in case, I did everything in advance and the school curriculum was 
usually finished long before Christmas. Today I do wish that ADHD had been a diagnostic 
category in the sixties. That way, maybe that lonely and negative self-appraising child would 
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not always have had to accompany the actually very accomplished adult. The relief I felt 
when I learned about ADHD! At secondary school something happened to one of the most 
popular boys at the school. He complained of tiredness and headache daily for months. Then 
he started to behave very strange and was referred to a psychiatric ward unit. He never came 
back to school. More than 20 years later I met him. The once so handsome and clever boy was 
uneducated, lonely and living on social security. He had spent years in and out of psychiatric 
wards. ‘Four years ago I was diagnosed as bipolar’ he said, ‘I started lithium treatment and 
haven’t been hospitalized since”. But his youth and social network was lost, he was 
uneducated and unemployed. This story illustrate the importance of making an accurate 
diagnosis early. 
1.6.1 Child and adolescent mental disorders across the globe 
Childhood psychological health is an important independent factor of adulthood 
psychological health 108. Global epidemiological data consistently reports that most adult 
mental disorders have their onset in childhood or adolescence, that about 20% of children and 
adolescents across cultures suffer from a disabling mental illness and that suicide is the 
leading causes of death in adolescence 109-113. Most cases receive no treatment, and for treated 
cases, the delay before treatment may be decades 113, 114. WHO reports that neuropsychiatric 
conditions account for 31% of all disability in the world 113. 
1.6.2 Bipolar disorder: prevalence and the clinical burden  
Prevalence  
The world mental health survey initiative reported that the aggregated life time prevalence 
were 0.6 % for BD-I, 0.4% for BD-II, 1.4% for sub-threshold BD and 2.4% for bipolar 
spectrum disorders 115. Diverging prevalence (highest in the US and lowest in India and 
Eastern Europe) may reflect methodological differences 28, 98. Few community surveys of 
children and adolescent mental health have included BD. Current or 12 month prevalence of 
mania, hypomania and BD in population based studies range from 0-0.9% in youths age 14-
18 years, while lifetime prevalence in youths ranges from 0 -2.1% 116, 117. In a Swedish study 
of youths aged 16-17 years, 1-year prevalence of major depression was 11.4%. Short 
hypomanic episodes were present in 13.2% of those with a lifetime diagnosis of major 
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depression 118. The controversies about the validity and prevalence of early onset BD are 
discussed in chapter 1.2. 
Comorbidity, suicidality and course  
Anxiety disorders, particularly panic attacks, are the most common comorbid conditions in 
BD (63%), followed by behaviour disorders (46 %) and substance use disorders (37%). There 
are greater rates of comorbid disorders among those with BD-I (88%) and BD-II (83%) than 
among those with sub-threshold BD (69%). Patterns of comorbidity with anxiety disorders 
and substance use disorders are remarkably similar across the world, while rates of comorbid 
behaviour disorders and ADHD vary 115.  
Some of these comorbidities may be early manifestations of BD rather than genuine 
comorbidities. Anxiety, sleep disorders, adjustment problems and mood dysregulation appear 
to be early manifestations in all types of BD 55, 56, 119, 120, while ADHD and cognitive problems 
appears to precede a neurodevelopmental subgroup of BD related to psychotic disorders 54 
The latter subtype seems to be most frequent in childhood onset of BD, considering their high 
rates of comorbid ADHD and psychosis 61, 63. 
Compared with patients with onset of mood symptoms after age 18 years, those with early 
onset experience fewer days of euthymia, greater impairment in functioning and quality of life 
121 greater rates of substance use 122 and a particularly elevated risk of completed suicide 123. 
In paediatric BD-patients a 3% suicide rate is reported 5 years after index episode 
hospitalization, while a 25% suicide rate among a BD adolescent inpatient sample is reported 
at 10-year follow-up 124. Youths with BD report lower self-esteem, more hopelessness, more 
negative life events, a more external locus of control and greater difficulties regulating 
emotion in anger-provoking situations, and poorer coping strategies regardless of comorbidity 
and histories of trauma 125.  
Cognitive problems and academic, occupational and psychosocial function  
BD is associated with impairment in work, family and social function, also outside the mood 
episodes. The majority of patients with BD do not return to their premorbid level of social 
function after their first hospitalization for affective psychosis 126. Neurocognitive 
impairments increase the risk of low functioning and disability 127-129. Impaired verbal 
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memory is associated with academic difficulties in youths with BD 130 and has consistently 
reported to be associated with worse in adults with BD 131 132-135.  
A prospective study revealed an overall profile of generally good to excellent premorbid 
school functioning in most adolescent onset BD patients, who subsequently showed marked 
deterioration along several dimensions (work effort, academic achievement, peer relationships 
and extracurricular involvement) following BD onset 136. Enhanced verbal and working 
memory after lamotrigine treatment is reported in adolescents with BD 137.  Thus, early 
recognition and treatment of BP in children and adolescents can be of utmost importance. 
1.6.3  ADHD: prevalence and the clinical burden  
Prevalence  
Studies that use the DSM-IV criteria tend to find prevalence rates of around 3-6% in school-
aged children 112, 138. A recent Norwegian population study found the prevalence of ADHD to 
be 1.3 according to the ICD-10 criteria and 1.7 according to the DSM-IV criteria 139. 
Methodological rather than geographic factor appears to be the primary explanation of the 
variability in global prevalence rates of ADHD 140.  
Social function, self-esteem and depression  
ADHD is associated with functional impairments in many areas of daily life. Children with 
ADHD often have conflicts with adults and peers, and suffer from rejection by peers and a 
lack of friendships, as a consequence of their ADHD symptoms 141-144. In younger children 
depression appears to be associated with others’ appraisal of social competence. In older 
children, depression is also associated with negative self-appraisal of social competence 145. 
This is reflected in the dreams of children with ADHD; compared to controls their dreams 
were more negatively toned, included more misfortunes, threats, negative endings and 
physical aggression towards the dreamers 146. Long term follow-up studies indicate that the 
social difficulties experienced by children with ADHD persistent into adulthood 147, 148. 
Motor problems 
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Motor problems are very frequent in ADHD 149-151 and have a severe impact on children’s 
daily life. Motor problems are strong predictors of a child’s popularity and self-esteem 152, 153 
and are highly correlated with long duration and high frequency of bully victimisation. 
Because of their core symptoms, children with ADHD are usually among the least popular 
children in their class . Motor problems causing difficulties in, for example, riding a bicycle, 
dressing, tying shoelaces or causing poor handwriting and sports abilities, further reduce their 
social participation and make them even more disadvantaged and also contribute to obesity 
problems and musculoskeletal pain 154, 155. Early identification, survey and intervention for 
motor problems may ameliorate motor disability and thus quality of life 18, 156. 
Comorbidity and course 
Youths with ADHD have an increased risk of depression/ mood disorders, suicide, anxiety 
disorders (particularly specific phobia), sleep disorders, conduct disorders, substance use, 
binge eating/severe obesity and musculoskeletal pain 74, 101, 154, 157-163. Most of those affected 
continue to show impairment in adult life 164, 165, manifested as organization problems, 
forgetfulness, restlessness, generalized anxiety, irritability and mood instability –often 
misinterpreted as personality disorder, anxiety- or mood disorder 7, 166-168. The most frequent 
associated problems in adulthood is nicotine and substance abuse, eating disorders, anxiety 
disorders, sleep disorders, affective disorders and cluster B personality disorder 20, 169-171. 
Cognitive problems and academic, occupational and psychosocial function  
The frequent executive problems in ADHD, also appears to affect social function and 
especially academic function 81, 82, 172-176. Even children with a high IQ have been reported to 
have lower academic achievement at age 17 years IQ 175. Association between executive 
problems and impaired memory for conversation is also reported in ADHD 177. In adulthood, 
difficulties in organization of daily duties leads to problems at work, at home and in social 
relationships and further intensify the psychological strain of the affected person. Medical 
treatment do improve cognitive functions in ADHD 178. A recent Norwegian study of adults 
with ADHD found that only 24% reported being in work. Stimulant therapy during childhood 
was the strongest predictor for being in work as adults, independently of comorbidity, 
substance use and current treatment 19. 
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1.7 Pathophysiology  
Problems are not stop signs, they are guidelines. Robert H. Schuller 
1.7.1 Similarities 
Both similarities and differences between ADHD and BD have been reported from 
neuroimaging studies. Using diffusion tensor imaging, Pavuluri et al 179 found indices of 
reduced myelination in prefrontal tracts (anterior corona radiata) and cellular abnormalities in 
corpus callosum (splenium) in children and adolescents with BD and ADHD. These 
abnormalities, together with reduced fibre coherence, extended to corticobulbar tracts in 
ADHD. Indications of extensive cellular abnormalities across multiple other white matter 
tracts were also demonstrated in ADHD. 
Reduced myelination reduces the efficiency in affected circuits. Thus, reduced processing 
speed in prefrontal circuits serving executive functions and emotional regulation is expected 
in both BD and ADHD. In ADHD the more widespread abnormalities and maturation delay in 
multiple white matter tracts may affect both processing speed and function in a variety of 
brain networks, including those implicated executive functions and emotional regulation. 
1.7.2 Pathophysiology of bipolar disorder 
In BD, data from genetic, neurobiological and neuroimaging studies provide overwhelming 
evidence that brain structures involved in perception, generation and regulation of emotions 
are abnormal 180, 181. Neuroimaging investigations using emotional stimuli suggests a 
complicated pattern of abnormal activity in the prefrontal cortex and subcortical structures 180, 
182, especially the amygdala which is a part of the limbic system (also including anterior 
cingulate and orbitofrontal cortex, hippocampus, parahippocampal gyrus and ventral 
striatum). Dysregulation in the limbic system may produce affective symptoms, including 
depression and mania.  
Abnormal amygdala structure and function is among the most consistent findings in children 
and adolescents with BD. The prefrontal cortex deficits in BD appear to emerge during the 
substantial neurodevelopment in adolescence. A hypothesis is that primary amygdala 
abnormalities lead to increased ventral prefrontal activation to regulate mood and secondary 
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abnormalities in dorsolateral prefrontal cortex network to counteract ventral prefrontal 
activation 183, 184. 
There is increasing evidence that deviations in prefrontal white matter circuits is important in 
the neurobiology of BD 179, 180, 185-187. This explains the frequent onset in adolescence because 
maturation of prefrontal cortex involves pruning and myelination of white matter tracts, 
which occur through late childhood, adolescence and early adulthood 9. Some studies indicate 
that the white matter pathology in BD is  the result of abnormal signalling between groups of 
neurons that are genetically vulnerable to environmental stress 188 explaining the association 
between childhood adversities and early onset BD 105.   
 
Abnormalities are most pronounced in tracts that connect prefrontal regions with the limbic 
system, suggesting that errors occurring in any region along the circuit may be perpetuated, 
maintained or enhanced by lack of regulatory feedback from the prefrontal cortex. Thus, the 
same ‘error’ could allow different stimuli (e.g. lack of sleep, social rejection) to trigger an 
abnormal feedback loop that generates and maintains a manic or depressive episode. For 
example; the amygdala receive sensory information and applies an emotional valence that is 
transmitted to other brain regions, including the prefrontal cortex. The altered amygdala in 
BD may alter processing of emotional valence. This effect is enhanced by deficits in the dense 
reciprocal connections between the amygdala and the prefrontal cortex in BD 180. 
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Corpus callosum abnormalities have also been consistently reported both children and adults 
with BD, suggesting that abnormal interhemispheric communication may be present early in 
the course of the disease and affect normal neuromaturation of this structure throughout the 
lifecycle 185, 186. The functional significance of corpus callosum abnormalities has not been 
known, but a recent study of children and adolescents with psychotic BD revealed that white 
matter abnormalities in the corpus callosum were correlated with deficit verbal declarative 
memory and executive functions 187.  
1.7.3 Pathophysiology of ADHD   
In ADHD abnormalities are found mainly in dopamine rich circuits including prefrontal 
cortex (lateral, inferior, orbitofrontal and anterior cingulate), striatum, parietal cortex, and 
cerebellum and to some degree limbic structures 189-193. The prefrontal cortex is central in 
executive control of cognition, movement and behaviour, while subcortical and posterior 
systems are critical in signalling the prefrontal cortex to engage 194. The posterior parietal 
region is involved in signalling the prefrontal cortex when comparing stimuli occurs, and it is 
also involved estimation of body and limb state necessary for visually guided locomotion. The 
dorsal striatum (caudate) contributes importantly to body and limbs posture as well as to the 
accuracy and speed of directed movements. It has been involved together with the cerebellum 
in learning about the frequency and timing of events; i.e. what to expect when. The ventral 
striatum belongs to the reward and motivation circuit 191. One of the most robustly findings in 
ADHD is deviations of the vermis cerebellum, of which the posterior-inferior lobules differ 
from the remaining cerebellum in selectively containing dopamine-transporter-like 
immunoreactive axons 195. The cerebellum is involved in a wide range of functions thought to 
be affected in ADHD, such as timing, planning, the ability to predict event occurrence 
necessary for adjustments and motor sequence. It also seems to be involved in executive and 
emotional regulation 80, 190, 196.  
The effect of methylphenidate supports the role of deficient dopamine function in ADHD, and 
the literature of molecular genetics supports the associations with dopamine genes in ADHD 
197. Sagvolden and colleagues hypothesized that altered dopaminergic function plays a pivotal  
role by failing to modulate non-dopaminergic (primarily glutamate and GABA) signal 
transmission appropriately.: Hypofunctioning of the mesolimbic dopamine branch gives rise 
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to delay aversion*, hyperactivity in novel situations, impulsiveness, deficient sustained 
attention, increased behavioural variability, and failure to "inhibit" responses. 
Hypofunctioning of the mesocortical dopamine branch will cause attention response 
deficiencies and poor behavioural planning. Hypofunctioning of the nigrostriatal dopamine 
branch will cause impaired modulation of motor functions giving rise to apparent 
developmental delay, clumsiness, and neurological soft signs 198.   
 
A parallel theory is based on studies of dopamine reinforcement of learning. Learning 
when/what/in which context to expect an event is critical for appropriate adjustment 199.  
Ineffective signalling of the prefrontal cortex when top-down control is needed may lie 
behind the poor cognitive, motor, behaviour and emotional adjustment in ADHD, and also the 
variability in cognitive, behaviour and motor performance. Likewise, intact signalling but 
inefficient prefrontal top-down control could result in poor regulation but probably in a more 
general way and probably also more associated with more attention deficit. This theory is 
supported by findings of dysfunctions in white matter pathways connecting prefrontal and 
                                                 
* The tendency to choose a small immediate reward rather than a larger delayed reward 
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parietal-occipital areas with the striatum and cerebellum in youths with ADHD 192. These 
circuits project both to and from the prefrontal cortex, thus providing a means for signalling 
prefrontal regions when top-down control of behaviour needs to be imposed.  
There are also evidence of both dysfunction and compensatory use of the temporal lobes in 
ADHD;  Functional imaging has reported a diminished ability to recruit regions for language 
based processing, while hyper-perfusion in occipitotemporal regions is  possibly a result of  
increased reliance on visual processing 80. Anterior hippocampus hypertrophy may be a 
compensatory response to deficit time perception and temporal procession in ADHD 200. 
Abnormalities have also been demonstrated in mesocorticolimbic motivation and reward 
systems as well as in structures involved in emotional modulation. This gives rise to the delay 
aversion and mood-instability in ADHD, as well as the inter- and intra-individual variability 
in performance depending on motivation and reward 191, 200, 201. Hypo-responsiveness of the 
motivation and reward systems thus explains why cognitive and motor performance improve 
in individuals with ADHD when they are emotionally engaged in the task, and with the 
observation that attention filtering efficiency in ADHD-C improves when higher task demand 
(i.e. more signalling of PFC involves more top down control 202 .  
 
1.8 Knowledge at the start of the data collection 
1.8.1 Neurological soft signs and motor function  
We started to include patients in December 2004, and the first assessments were carried out in 
January 2005. The protocol was therefore based on the knowledge at that time. 
Bipolar disorder; Status before 2005  
There have been few reports on neuromotor skills in BD. In one study, patients with BD were 
impaired on sequencing of complex motor acts 203, this function probably depends on set-
shifting capacity and tempo.  A review paper of studies on adults reported significantly more 
soft signs in schizophrenia and mood disorders (BD and unipolar depression) when compared 
with normal controls. Poor stereognosis, rhythm tapping and finger-opposition were 
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significantly more frequent in mood disorders than in controls; but these were adult patients 
using medication 204.  
ADHD; Status before 2005  
The frequent co-occurrence of neuromotor problems in ADHD has received relatively little 
attention in research during the last decades, compared with the focus on attention and 
executive deficits. The earlier Minimal Brain Dysfunction term included soft signs* and 
coordination problems as signs of neurological dysfunction 205-207. A review of 49 papers 
published between 1949 and 2002 confirmed the assumption that movement skill difficulties 
and poor level of physical fitness are frequent problems in ADHD 149. Concurrent 
Development Coordination Disorder was reported in about 50% of children with ADHD, 
most often in those with the inattentive subtype of ADHD 156, 208. Movement skill difficulties 
frequently reported were impaired timing, impaired hand dexterity, motor overflow** and 
neurological soft signs. These terms indicate difficulties adjusting motor responses 149, 206, 208-
213. Balance problem were also often reported and thought to be of cerebellar origin 214, 215.  
The intra- and inter-individual differences in motor performance in ADHD may indicate poor 
adjustment in different contexts rather than primary motor deficits or executive deficit, 
explaining the variability in performance often reported in the ADHD literature 194, 216.   
Because of the less attention on motor problems ADHD, neuromotor problems are usually not 
part of assessments for ADHD and are typically not included in intervention programs 210. 
This has important implications considering the great impact of neuromotor problems on 
social function and acceptance, fitness and associated psychiatric and physical health 
problems 18, 149, 153, 217-219. 
ADHD versus bipolar disorder; Status before 2005 
To our knowledge, no report had compared motor skills and soft neurological signs in ADHD 
and BD before start off of the present study. Based on the present literature, we expected to 
find neuromotor problems in ADHD, but not in BD. 
                                                 
*  A minor neurological finding, indicating neurological dysfunction dependent on age  
 
**  Involuntary movement that follows voluntary movement 
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1.8.2 Neurocognitive problems  
Bipolar disorder; Status before 2005  
Several reviews of neuropsychological function in adults suggested that BD is associated with 
impairments in executive functions, attention, fluency and verbal declarative memory 220-224. 
Some patients with BD showed persistent cognitive deficits during remission, especially 
multiple-episode patients.   
There were few neuropsychological studies of children and adolescents with BD before start 
of the present study. One study of euthymic youths with BD-I disorder revealed normal 
performance on various tests of attention and executive functions, despite considerable 
subjectively experienced cognitive problems 225. Another study revealed no attention 
dysfunction in neither euthymic nor manic adolescents with BD-I 226. A study of broad 
spectrum paediatric BD patients reported impairments on measures of set-shifting and 
visuospatial memory, independently of manic symptoms or ADHD comorbidity 227. An 
associated group failed to detect abnormalities in risky decision making in (mostly depressed) 
children with BD 227. A hospital study that compared children with different psychiatric 
diagnoses reported worse processing speed in BD as compared with other diagnostic groups, 
but  mean full scale IQ was very low in that sample 228. A study on neuropsychological 
function in early onset psychosis patients reported revealed impaired verbal memory and 
sustained effort in those with BD-I 229.  
A prospective study of high risk individuals revealed that 67% of participants who later met 
criteria for BD showed impaired performance on Wisconsin Card Sorting Test (WCST: set-
shifting and planning), only those who ultimately developed BD exhibited impairment on the 
WCST 230. Another offspring study revealed no premorbid attention deficit 231.  
In conclusion, one study found impaired set-shifting and visuospatial memory in medicated 
youths with broad spectrum BD, one offspring study revealed premorbid executive deficits, 
two studies found normal attentional performance in youths with BD-I, whereas deficits on 
measures of verbal recall and sustained effort were reported in those with BD-I and a recent 
psychotic manic episode.  
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ADHD; Status before 2005  
There has been little agreement in the literature regarding the differential utility of 
neurocognitive instruments in ADHD 232. This is especially challenging given the number of 
instruments available for assessing of cognitive abilities and the extensive literature on 
neurocognitive performance in ADHD. Another challenge for a non-psychologist is the many 
theoretical cognitive models of ADHD, of which a few will be mentioned here.  
A very influential theory has been that the ADHD- symptoms and cognitive deficits are due to 
deficit ‘executive functions’ which is a term applied to cognitive control functions assumed to 
be dependent on efficient function of prefrontal cortex and related neural circuits. Executive 
functions includes set-shifting, set maintenance, interference control, inhibition, integration 
across space and time, planning, and working memory 233. Other cognitive problems as 
inattention and forgetfulness were assumed to be secondary to executive deficits 234. Barkley 
claimed that poor behavioural inhibition is the central deficiency in ADHD and argued that 
other executive deficiencies were secondary to the inhibitory deficit 235. Thus, most 
neuropsychological research in ADHD has focused on executive deficits. However, a meta-
analytic review of studies published before 2005 concluded that ADHD is associated with 
significant weaknesses in several executive domains, but the moderate effect-sizes and lack of 
universality of executive deficits among individuals with ADHD suggest that impaired 
executive functions are neither necessary nor sufficient to cause all cases of ADHD 236.  
Several researchers have challenged the postulate that inhibition and executive impairment are 
the core deficits in ADHD, and suggested etiological heterogeneity for ADHD 237-239. The 
delay-aversion model is based on the consistent observation that children with ADHD more 
often choose small immediate reward, than a larger delayed reward  , and suggested 
motivationally-based accounts focus on altered reward processes and implicate fronto-ventral 
striatal reward circuits 240. The dual pathway model suggests that deficits in executive 
function and delay aversion represents two pathophysiological subtypes of ADHD with 
different developmental pathways 241. The state regulation model hypothesize that poor state 
regulation underpins the problems in regulation of effort, arousal, attention and activation in 
ADHD 242. These dysfunctions were thought to give rise to slower and more variable reaction 
time, which is consistently found in ADHD 238. Other researchers suggested that time 
perception or timing deficits may account for the excessive variability in motor response 
times associated with ADHD 243.  
40 
 
In conclusion; all neuropsychological functions that involved control, adjustment, timing, 
motivation and arousal appeared to be affected in ADHD. No neuropsychological test had 
proven usable in differentiating the ADHD symptoms from normal fluctuations in self-
regulation and arousal. 
Early onset bipolar disorder and ADHD, similarities: Status before 2005 
To our knowledge, no study had compared neuropsychological problems in youths with 
ADHD and BD when we stared data collection for the present study. However; based on the 
considerable neuropsychological literature on children with ADHD and the very scarce 
literature on early onset BD there were indications of impaired executive function in both 
ADHD and in early onset BD (set-shifting problems). Impaired processing speed was 
reported in children BD, and impaired reaction time was consistently reported in ADHD. 
Attention problems and memory problems were reported in ADHD. Thus, both disorders had 
problems with executive function (set-shifting problems) and speed. Also, both appeared to 
have memory problems, but these were only reported in BD-I youths with a history of 
psychotic manic episode. Neuromotor adjustment problems appeared to be more specific to 
ADHD. 
The neuromotor adjustment problems are assessed in paper I. Attention performance is 
assessed in paper II. Executive problems and processing speed are assessed in paper III. 
Learning and memory problems are assessed in paper IV.   
1.9 Aims of the thesis 
The main purpose of the research projects described in this thesis was to explore neurological 
diversity in youths fulfilling the diagnostic criteria of ADHD combined type (ADHD-C), BD 
or both. Selected tests were based on a literature review before the start of the data collection. 
I wanted to explore neurological functions where we might expect different profiles of 
performance in ADHD-C and BD. Measures were also chosen to meet the requirements of 
clinical usefulness for the child with regard to understanding their daily life problems. 
Therefore, this thesis focus on functions that might be particularly important in social 
participation and academic achievement, namely motor functions, attention, executive control, 
processing speed and different aspects of learning and  memory. 
41 
 
The specific aims of the studies in this thesis were:  
I. Will performance on tests of neuromotor and neuropsychological test differ between 
youths fulfilling the diagnostic criteria of ADHD, BD and subgroups of BD?   
II. Can neuromotor and neuropsychological tests performance promote diagnostic accuracy 
in differentiating ADHD from BD in clinical practice?  
III. Is ADHD in the context of BD similar to ADHD that occurs alone? 
IV. Is there a symptom overlap between ADHD and BD as measured by parent and teacher 
rated ADHD questionnaires?  
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2 Methods 
Due to controversies about the diagnosis BD in children and adolescents and hardly any 
experience in diagnosing early onset BD in Norway, it was necessary to establish a consensus 
about diagnostic assessment before we started to include patients in the present study.  
Therefore, I contacted child and adolescent psychiatrists and psychologists whom I presumed 
were interested in early onset BD. Thorough several meetings in 2004 we worked out a 
common procedure for assessment and diagnostic procedures on BD in children and 
adolescents which is used in the inclusion of participants in this study. 
A protocol for a multicenter survey project on affective disorders in children and adolescents 
was also worked out and approved by the Regional Committee of Medical Research Ethics in 
Southern Norway. However, this multicenter study never got started, and I was left alone with 
the work of recruiting enough patients with BD for the present thesis. Therefore, the inclusion 
period became longer and the sample smaller than expected. 
 
2.1 Design 
2.1.1 Inclusion and exclusion of the clinical groups 
Inclusion criteria  
(1) BD including BD-I, BD-II (Table 1.2.1) and BD-NOS (Table 1.2.3)  
(2) ADHD combined type (ADHD-C; both inattention and hyperactivity/impulsivity 
criteria met; DSM-IV 314.0).  
(3) Comorbid ADHD-C and BD (ADHD-C+BD)      
Exclusion criteria 
Mental retardation according to DSM-IV. Sequel to brain injury. Age below 6.0 years or 
above 18.5 years.  
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2.1.2 Inclusion and exclusion of the control group 
All control participants attended regular school classes at normal grade levels. In addition 
parents were asked to confirm that the control children were not using prescribed medication, 
receiving treatment from child and adolescent psychiatric services, diagnosed with a learning 
disability or currently receiving any form of special tutoring/ education (although he or she 
may have received such tutoring previously). Exclusion criteria were mental retardation, 
metabolic disorders, organic brain disease, head injury, medication, psychiatric disorder, 
learning disability and score above the 93rd percentile on ADHD Rating Scale-IV, home and 
school versions 244, 245. 
2.1.3 Procedure 
Clinical probands were recruited from a general child and adolescent psychiatry outpatient 
unit, mainly from one Norwegian county (Aust-Agder) with approximately 26,500 inhabitants 
< 19 years. In addition, some patients were referred from other child and adolescent 
psychiatry units because of the study. Inclusion period was December 2004 to January 2009 
(paper I: from December 2004 to April 2008). We attempted to select probands for diagnostic 
assessment by a standardized self-rating questionnaire screening of all participants referred to 
our unit. Those with Achenbach 246, 247 externalizing or internalizing problem profile T-score 
>70 or Moods and Feelings Questionnaire 248, 249 score> 20 points or Parent General 
Behaviour Inventory-SF10 250 > 8 point or ADHD Rating Scale total percentile > 80 should 
be considered for diagnostic assessment. However, it soon became apparent that the checklist 
screening was inconsistently implemented in the daily routines of the unit.  
Thus, the screening procedure was modified as indicated in the Flow chart (Figure 2.2.1). 
Most of the patients with ADHD-C were recruited from patients referred to the study as 
‘suspected of BD’ that turned out to have ADHD-C. Additional patients with ADHD-C only 
were selected from patients at the unit, in order to optimize the matching of age, gender and 
IQ. The considerable number of patients referred to the study with ‘suspected BD’ may be 
because the majority of staffs in child and adolescent units in Norway are non-medical 
professionals without diagnostic training.  
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2.2.1 Flowchart. Inclusion of clinical sample 
 
Diagnoses were assessed by the Kiddie-Schedule for Affective Disorders and Schizophrenia 
Present and Lifetime version (KSADS-PL) 251 administrated  by an experienced psychiatrist 
(me) trained by the child- and adolescent psychiatrist responsible for translating and coursing 
of KSADS-PL in Norway. A random sample of the taped interviews supplied with condensed 
medical histories, were validated by an experienced child and adolescent psychiatrist. Inter-
rater agreement (kappa) was 1.0 on BD diagnosis and 0.87 on ADHD-C diagnosis. In addition 
to diagnoses of ADHD-C and BD, other diagnoses and background information were 
Referred from Aust-Agder county 
 Dec 2004-Jan2009 
(n=1982) 
ADHD-C  
supected  
(n=18) 
KSADS-PL 
(n=18) 
ADHD-C 
(n=14) 
No  
thank 
you   
(n=3) 
Included 
(n=11) 
BD 
suspected 
(n=232) 
BD not probably 
(n=60) 
KSADS-PL 
(n=172) 
BD or ADHD or 
both 
(n=58) 
No 
thank 
you 
(n=3) 
Excuded 
IQ <70: (n=3) 
brain unjury 
(n=1) 
Included 
BD (n=22) 
ADHD-C+BD (n=14) 
ADHD (n=15) 
Referred from other units  
BD suspected 
(n=17) 
BD not probably 
(n=6) 
KSADS-PL 
(n=11) 
Included 
BD or  
BD+ADHD-C 
 (n=6) 
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recorded from KSADS-PL. All the patients were IQ-tested 252, 253, supplied with Vineland 
adaptive scale when required 254. Further information was obtained from schools, through a 
teachers’ written and oral evaluation of the student, and in most cases an in-class observation 
of the student by a clinician. Participants received standard treatment; this was not a part of 
the study, but was recorded as clinical information. The final diagnosis was based on 
KSADS-PL and all available information including response to medication within one month 
after inclusion, obtained in a discussion with the main researcher and an experienced child 
psychiatrist (last author). Finally sixty-eight clinical participants were included.   
Lifetime presence or absence of psychotic symptoms was evaluated during the KSADS-PL 
interview. State dependent psychotic symptoms were defined as the presence of at least one 
psychotic symptom (hallucination or delusion) during a manic or a depressive episode. Also 
very brief psychotic phenomena were counted as ‘a history of psychotic symptoms’.  
Procedure controls  
Controls were recruited from three secondary schools and one junior high school 255. 
Information letters describing the research project were distributed to all students by the 
teacher. The controls were not evaluated by a specific diagnostic interview, but the teacher 
and parents completed the ASEBA questionnaires which also measures DSM-IV oriented 
symptoms 256. T-scores above 60 reveal evidence of a problem. Affective problems were 
reported from 7 parents and 3 teachers. Anxiety problems were reported by 4 parents and 4 
teachers. ADHD problems were reported by 3 parents and 4 teachers. Controls were in 
common with another study 255. Sixty-nine controls were included. 
 
 
2.2 Assessments 
2.2.1 Semi-structured diagnostic interview; KSADS-PL 
The Schedule for Affective Disorders and Schizophrenia for School Aged Children (6-18 
years): Present and Lifetime Version (KSADS-PL) 251 is a widely used semi-structured 
interview designed to assess current, past, and lifetime diagnostic status in children aged 6-18 
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year. It includes a broad medical history and a comprehensive diagnostic interview. It has a 
strong content validity because it is designed to tap pre-specified diagnostic criteria, and 
includes detailed probes useful in eliciting meaningful information about present and lifetime 
symptoms. It also provides global and diagnosis-specific impairment ratings to facilitate the 
determination of "caseness”. It allows the interviewers to punctuate the questions by clinical 
judgment. The child and their caregivers are interviewed separately. KSADS-PL is widely 
used and several studies report excellent to good validity and reliability 251, 257, 258. The 
Norwegian translation is by Anne Mari Sund, NTNU.  
2.2.2 Questionnaires 
ADHD rating scale-IV 
The ADHD rating scale –IV is rated by parents and teachers, and consists of 9 inattentive and 
9 hyperactivity/impulsivity items graded from 0 to 3, and linked to the DSM-IV criteria for 
ADHD-C. The ratings are converted to an inattention percentile and a 
hyperactivity/impulsiveness percentile relative to population norms 244, 245. Higher percentiles 
indicate worse symptoms. Adequate psychometric properties for the screening and assessment 
of ADHD are reported in several studies 244, 245, 259, but no study explores the diagnostic 
validity for ADHD versus BD (except for our paper II). Norwegian translation is by Gidske 
Kvilhaug.  
The Achenbach System of Empirically Based Assessment check lists (ASEBA) 
The ASEBA checklists are questionnaires that evaluate children’s behavioural and emotional 
functioning; these are presented as problem profiles and a few competence profiles. The 
parent and the school version were used. The problem profiles are based on 120 items 
regarding behavioural and emotional problems and rated on a three-step scale from 0 to 213). 
These are grouped in problem areas  and converted to T-scores relative to population norms. 
T-scores over-scores above 60 reveal evidence of a problem 246, 247, 260. Multivariate analyses 
have identified two main groups of problems, designated Internalizing (anxious, inhibited 
behaviour) and Externalizing (aggressive, antisocial behaviour). The questionnaires are 
validated in a Norwegian sample 261.   
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Parent General Behaviour Inventory 10 item (PGBI-10) 
The Parent General Behavior Inventory 10 item form (PGBI-10) is derived from the 28-item 
bipolar scale of the Parent General Behavior Inventory. In a study on 637 youths, the PGBI-
10 had good reliability with the 28-item scale, and showed significantly better discrimination 
of BD 250. The Norwegian translation is by Torun Nøvik. 
Moods and feelings questionnaire (MFQ) 
MFQ is a self report questionnaire for children aged 6 – 18 years, for younger children it may 
be used as an interview template 262. It consists of 34 DSM-IV depression items graded from 
0 to 2. The rating is based on the past two week. Good reliability and validity is reported in 
US studies 263. A Norwegian study also reports a good internal consistency, test-retest 
correlations and good correlation with other self report internalizing scales 249. The 
Norwegian translation is by Anne Mari Sund. 
 
2.2.3 Neurological assessments  
The tests were chosen to meet the requirements for clinical usefulness, utility in 
understanding daily life problems, overlapping tests for validation of the findings and 
scientific needs. The neuromotor test battery was chosen because it has recently been age 
standardized in 272 representative Norwegian children and adolescents without known 
developmental problems, thus eliminating the need for recruiting a new control group 264. The 
neuropsychological test battery was designated in cooperation with other Norwegian 
researchers in the area (Bjørg Øygarden from Sörlandet hospital, Jens Egeland from Vestfold 
Mental Health Care Trust and the Department of psychology University of Oslo, Toril Hodne 
from Department of Psychiatry Vestre Viken Hospital Trust, Drammen and Stein Andersson 
from the Department of Neuropsychiatry and Psychosomatic Medicine, Oslo University 
Hospital-Rikshospitalet).  
Medication When possible, medication was delayed until after the diagnostic and 
neurological assessments.  
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State Mood symptoms and cooperation problems during assessment were reported according 
to the following “scale”: 1) no mood symptoms or cooperating problems 2) some mood 
symptoms or cooperation problems 3) mood symptoms or cooperation problems may affect 
the validity of the assessment.  
Neuromotor Examination of Children and Adolescents (NUBU) 
The Neuromotor Examination of Children (NUBU) 264 includes a revised version of the 
neurological soft sign* test from the Isle of Wight Study 265 and motor tests developed from 
the Oseretsky’s test 266. NUBU is age standardized in a recent study of representative 
Norwegian children and adolescents without known developmental problems.  The soft sign 
tests in NUBU are the same for all ages but evaluation of criteria mastered depends on age; 
deviations are defined as performance below 85% of the normally developing children. The 
motor test covers five different domains, each with ten age-standardized items (Table 3.2.1). 
It provides age equivalents and percentiles in the range 3.5 to 18 years. The norms are based 
on a Rasch model and expressed in terms of an age equivalent that would be the mean result 
of normally developing children at that age. In the normative sample, Rasch person-reliability 
was 0.94 and Rasch inter-rater reliability was 0.99 267.We used the percentile scores in our 
group comparisons. The NUBU testing was performed by a psychiatrist trained by the authors 
of NUBU, and by two physiotherapists with special competence in child and adolescent 
psychiatry, supported by a detailed manual with DVD demonstration of the NUBU tests. 
Inter-rater reliability was established by two of the investigators, testing 6 patients together. 
For motor percentile test, the Intra-class Correlation Coefficient range was 0.91-1.00 (single 
measure). Soft sign tests kappa measure of agreement range was 0.57 – 1.00 (kappa).   
Wechsler intelligence scales for children and adults 
Wechsler's Intelligence Scale for Children, 3rd version (WISC-III) 252 and the Wechsler Adult 
Scale 3rd version (WAIS-III) 253 are designed to assess intellectual function in children and 
adolescents aged 6-16 and adolescents and adults above the age of 16 years, respectively. The 
scales contains several subtests which generate scores of Verbal IQ, Performance IQ, and Full 
Scale IQ, as well as four factor scores (Verbal Comprehension,  Freedom from Distractibility, 
Perceptual Organization and Processing Speed). WISC-III and WAIS-III are widely used tests 
                                                 
* A soft neurological sign refers to a minor neurological finding, indicating neurological dysfunction depending 
on age. 
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of intellectual function, with strong criterion validity. Full scale IQ is often categorized into a 
very low level (below 70), a low level (ranging from 70 to 84), and a normal to high level  
(equal to or above 85). We excluded those with Full Scale IQ below 70.  IQs of the controls 
were estimated from the scaled scores of the WISC-III/ WAIS-III subtests of the Picture 
Completion and Similarities 255 .  
Digit Span  
Verbal working memory was measured by Digit Span Total and Digit Span Backward from 
the Wechsler intelligence scales. Task: to repeat a series of orally presented number 
sequences (of increasing difficulty), forwards and backwards. The backwards test is the most 
robust indicator of executive function. Score: number of forwards and backwards sequences 
completed. The backwards span is the most robust indicator of working memory, but 
normative scores for children are available only as the summarized forwards and backwards 
score. Digit Span is the most commonly administered and widely accepted index of working 
memory.  
Knox Cube Test 
Visuospatial working memory was assessed by the Knox Cube Test 268. The examiner taps 
four cubes in prearranged sequences of increasing difficulty. Task: to imitate the tapping 
pattern. Score: number of sequences completed. The test is found to be strongly correlated 
digit span backwards 269.  
Conner’s continuous performance Test-II (CCPT-II) 
In Conner’s continuous performance Test-II (CCPT-II) 270 the examinee is required to 
respond whenever a letter appears on the computer screen, except when the letter X appears. 
The inter-stimulus intervals are 1, 2 or 4 seconds. Errors of omission are number of target 
stimuli missed, and are together with variable reaction time considered to be a measure of 
inattention 271. Errors of commission occur when responding to non-target stimuli and are 
together with fast reaction time believed to assess hyperactivity and impulsiveness. The 
CCPT-II provides fifteen subscores presented in converted T-scores. Based on a factor 
analysis 272, these were grouped in four factors: ‘Focusing’ (reaction time variability), 
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Hyperactivity’(fast reaction time and commissions), ‘Sustained attention’ (slower and more 
variable reaction time  as the test progresses) and ‘Vigilance’ (slower and more variable 
reaction time with longer inter-stimulus intervals). In the present thesis, raw score of 
commissions was also used as a measure for executive functioning (inhibition of ongoing 
response).  
Children’s Checking task   
Children’s Checking Task 273 was used as a measure of inhibition of initial response. Task: to 
circle numbers on the page if they differ from the numbers that is read on the recording. 
Score: omissions (inattention) and commission (inhibition of initial impulse). 
Stroop test    
Processing speed and interference control were measured by the Stroop test 274. The Stroop 
test is based on the findings that it takes longer to name the colour of the ink when it is printed 
as a word other than the colour (colour-word naming), than to name the colour of coloured 
patches (colour naming). In this study number of correct colour naming was used as a 
measure of processing speed. The colour-word interference task is often reported as a measure 
of selective attention though it is highly influenced by processing speed. To account for the 
effect of processing speed on selective attention we added the colour-naming score as a 
covariate in the analysis of group effects on the colour-word score.  
Wisconsin Card Sorting Test (WCST) 
Cognitive flexibility (problem solving and set-shifting ability) was measured by the WCST 
performed on a personal computer 275. Task: to place 128 cards one-by-one under four 
stimulus cards according to a shifting principle (colour, shape or number) that must be 
deduced from scarce feedback from the computer (correct or incorrect). Every time the 
participant achieves 10 ‘right’ answers in a row, the organizing principle changes without 
warning. The procedure continues until six categories are successfully completed or until all 
128 cards have been used. Scores: Problem solving ability (insight into the correct card-
sorting principle) was scored by percent conceptual-level responses (three or more correct 
card placements in a row). Set-shifting (ability to shift cognitive strategy when needed) was 
scored by percent perseverative errors. 
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Children’s Auditory Verbal learning Test-II 
Verbal learning and memory were assessed by the Children’s Auditory-Verbal Learning Test 
version-2  276. It consists of five learning trials of a word list A. In the sixth wave an 
interference list B is presented. List B is followed by immediate recall of list A. After 20 
minutes the person repeats list A (delayed recall) followed by a recognition trial composed of 
the words from lists A and B embedded in 16 distracter words. Both lists are composed of 16 
words from four semantic categories. Semantic clustering is a strategy for recalling 
information, and is calculated from the pair of words recalled in sequence from same semantic 
category, adjusted for total possible clustering.  
Other neuropsychological tests 
Several other tests were carried out but not reported in this thesis, including visuospatial 
abilities (Rey Complex figure Test, Visual-Motor Integration Test-IV), fine Motor Skills 
(Finger tap, Grooved Pegboard), several measures from Wisconsin card sorting test and a test 
affective judgments of faces. These will (hopefully) be addressed in later papers. 
Electroencephalogram (EEG): The investigations are carried out at the Department of 
Neurology, Sörlandet Hospital Arendal, and the results are interpreted by Dr. Harald 
Gåskjenn at the same department. Quantitative EEG analysis is planned to be carried out in 
cooperation with the multidisciplinary neuropsychiatric research group at Rikshospitalet. 
These data will (hopefully) be addressed in later papers. 
Blood tests: We have also collected analyses of the fatty acid profile in red cell membrane, 
endocrinology and zinc, among others. These will (hopefully) be addressed in later papers. 
Buffy coats for DNA- analyses are already merged with another study not yet published. 
 
2.3 Statistics 
As far as the laws of mathematics refer to reality, they are not certain, and as far as they are 
certain, they do not refer to reality. Albert Einstein 
All statistic models are wrong, but some are useful. Are Hugo Pripp, statistician  
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All statistical analyses were performed using Statistical Package for Social Sciences SPSS 
software for Windows version 16 (SPSS Inc. Chicago, II). Two-sided alpha levels of p<0.05 
were used to determine statistical significance. 
2.3.1 Clinical characteristics    
Mean differences between the study groups were analyzed using Analysis of Variance 
(ANOVA) if assumed normality; otherwise with the Kruskal-Wallis Test. Categorical data 
were analyzed by the Chi-square or Fisher exact test as appropriate.  
2.3.2 Test data:  
Paper I  
Categorical variables were assessed by the Chi-square or Fishers’ exact test as appropriate. 
The continuous variables were analyzed by the Kruskal-Wallis test and, if significant, by pair-
wise comparisons using the Mann-Whitney U test. Receivers Operating Characteristic Curve 
(ROC) analyses were used to decide cut-off values for the presence of ADHD-C diagnosis 
and corresponding sensitivity, specificity and predictive values. Reported motor problems 
(from the introductory part of the KSADS-PL) were compared with total motor problems and 
total soft sign deviations by Spearman correlation.  
Paper II 
Test data were analyzed by the Kruskal-Wallis test and, if significant, by pair-wise 
comparisons using the Mann-Whitney U test. ROC curve analyses were performed to 
determine the significance and optimal cut-off points for the CCPT-II factors and to 
differentiate between diagnoses of ADHD-C and BD. Due to non-parametric distribution of 
the data, the Generalized linear models were used to assess the effects of state, medication, 
and estimated IQ on neuropsychological performance. 
Paper III and IV 
Test data were analyzed using the Generalized linear modelling which is an extension of the 
linear modelling process that enable one to model variables with distributions other than the 
Normal distribution, such as the Poisson. The Generalized linear models also relax the 
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requirement of equality or constancy of variances that is required for hypothesis tests in 
traditional linear models. Analyses were carried out on raw scores with covariate age and 
gender (and in the memory paper also covariate estimated IQ). Because we considered simple 
Bonferroni as too conservative in these papers with multiple groups, pair-wise post-hoc 
analyses were performed with sequential Bonferroni adjustments  277: The sequential method 
goes like this: when comparing for example three pairs with .05 as the threshold p value 
(alpha level) then the most significant of the three p values then has to be smaller than 0 .05/3 
= 0.017 to be sig, the second most significant p value of the three has to be smaller than 
0.05/2 = 0.025 to be sig and the third most significant has to be smaller than 0.05/1 = 0.05 to 
be significant.  
Regressions or correlations (Spearman) were used to assess the effect of mood symptoms and 
medication on neuropsychological performance. 
 
2.4 Ethics 
The protocol was approved by the Regional Committee for Medical Research Ethics in 
Southern Norway and the Norwegian Social Science Data Services. All the children and their 
caregivers were given verbal and written information. Caregivers gave formal written consent 
for children under the age of 18 years. Children ≥ 12 years gave formal written consent, 
younger children gave spoken consent.  
Regarding the clinical participants, data collection was mostly incorporated in routine clinical 
work. Considering the uncertainty of psychiatric diagnosis in childhood and adolescence, all 
clinical participants were offered diagnostic reassessment after 2-3 years and after the age of 
18 years.  
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3 Results 
3.1 Characteristics of the clinical sample 
The clinical sample in papers I, II, III and IV was mainly the same; the minor differences 
between the samples are due to differences in missing variables and also that the inclusion 
period in paper I was somewhat shorter than that in papers II-IV. In paper I, three participants 
did not complete the NUBU (BD-I: n=2, BD-NOS: n=2). In papers II-IV, one BD-NOS 
patient did not cooperate in any test. In paper IV, analyses of four patients were missing (BD-
I: n=1, BD-NOS: n=3). There were 19 missing school questionnaires: 9 participants with BD 
(mostly BD-NOS) with or without ADHD-C had not attended school the last year due to their 
psychiatric disorder, three participants with BD and one with ADHD-C did not want to 
involve the school, and six schools did not return the forms. Five home forms were not 
completed because of ill parents, illiteracy or adolescent living alone respectively. 
Clinical characteristics of the sample as a whole are presented in Table 3.1.1 and parent 
reported manic symptoms the last year (PGBI-10) are presented in Table 3.1.2.  Forms were 
rated before or immediate after the time of inclusion. All clinical groups demonstrated very 
high scores on parent and teacher rated problem scales and ADHD rating scales. Those who 
fulfilled the BD criteria also had high scores on parent reported manic symptoms and self 
reported depressive symptoms. 
Mood symptoms were reported in10 patients, of these mood symptoms that might have 
affected the validity of the assessment in 2 ADHD-C+BD patients. One BD-I patient did not 
cooperate during neuromotor assessment. One BD-NOS patient did not cooperate during 
neuropsychological assessments. Ongoing drug abuse was suspected in two BD patients (both 
age 18 years) but this was not verified by the patients. Only 5 BD-I patients were diagnosed 
with BD and treated with mood-stabilizer before they were referred to the study. Medication 
was continued in these patients, but not taken on the morning before the neuropsychological 
assessment (lamotrigine: n=2; lithium: n=1; valproate: n=2; and aripiprazole: n=1). Other 
8medication was discontinued for a minimum of five times the elimination half-life before 
testing. Lifetime anxiety disorder, major depression and history of psychotic symptoms were 
most prevalent in the BD groups.  
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Table 3.1.1 Characteristics of the sample. Number (percent) or median (range)  
 ADHD-
C 
(n=26) 
ADHD-
C+ BD 
(n=15) 
BD 
 
(n=26) 
BD-I 
 
(n=11) 
BD-II 
 
(n=7) 
BD-
NOS 
(n=8) 
Control 
 
 (n=69) 
Female 12 
(46.2%) 
7 
(46.7%) 
15 
(57.7%) 
7 
(36.4%) 
4 
(42.9%) 
4 
(50.0%) 
38 
(55.1%) 
Age 12.8 
(11.5) 
15.3 
(10.6) 
15.8 
(11.3) 
15.8 
(11.3) 
16.8 
(10.7) 
12.7 
(9.0) 
12.4 (6.8) 
Estimated IQ 97.5 
(47.5) 
100.0 
(32.5) 
97.5 1 
(40.0) 
97.5 1 
(40.0) 
100.0 
(27.5) 
100.0 
(22.5) 
100.0 
(57.5) 
State when tested    
Serum .cortisol 345 1 
(941) 
375 1 
(525) 
399 1 
(1163) 
341 
(1150) 
524 
(864) 
487 1 
(855) 
- 
Mood symptoms 1 
(3.8%) 
2 
(13.3%) 
9 
(34.6%) 
7 
(39.8%) 
2 
(28.6%) 
1 
(12.5%) 
- 
Mood-stabilizer 
0 
1 
(6.7%) 
4 
(15.4%) 
4 
(36.4%) 
0 0 - 
ADHD rating scale-IV, percentiles small is better     
Home 
Inattention 
95.8 2 
(48) 
97.5 
(15) 
94.0 2 
(75) 
94.0 1 
(24) 
93.0  
(50) 
96.0 1 
(74) 
25.0 2 
(93) 
Home  
hyper/impulsive 
95.0 2 
(50) 
96.0 
(22.5) 
94.5 3 
(70) 
94.0 2 
(15) 
95.0 
(70) 
89.5 1 
(33) 
37.5 2 
(93) 
School 
inattention 
85.0 5 
(63) 
90.0 2 
(48) 
67.5 12 
(93) 
67.5 4 
(61) 
62.5 4 
(38) 
67.5 4 
(84) 
10.0 5 
(92) 
School  
Hyper/impulsive 
84.5 5 
(50) 
84.0 
(24) 
86.0 12 
(94) 
86.5 4 
(94) 
86.0 4 
(28) 
67.5 4 
(67) 
10.0 5 
(95) 
Mood questionnaires (retrospective)  
Home manic 
symptoms 
6.0 8 
(22) 
13.0 2 
(19) 
13.0 5 
(24) 
19.5 3 
(24) 
12.0 
(20) 
10.5 2 
(16) 
- 
Child 
depressive 
13.5 8 
(49) 
24.0 6 
(34) 
23.0 8 
(57) 
10.5 3 
(24) 
43.0 1 
(33) 
18.5 4 
(46) 
- 
Competence scales from t he Achenbach Syste m; T-scores; higher = better 
Problem profiles from the Achenbach system T-scores; higher=more symptoms 
CBCL 
 Internalizing 
65.5 
(32) 
65.5 1 
(21) 
68.5 4 
(38) 
68.0 2 
(22) 
71.0 
(38) 
68.02 
(21) 
46.01 
(42) 
CBCL 
Externalizing 
67.0 
(48) 
71.0 1 
(31) 
62.0 
4(36) 
70.0 2 
(32) 
62.0 
(13) 
62.5 2 
27) 
43.01 
(36) 
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CBCL social 
Problem 
63.5 
(26) 
69.0 1 
(32) 
61.0 5 
(32) 
62.5 3 
(32) 
61.0 
(16) 
63.5 2 
(22) 
51.0 1 
(19) 
CBCL 
Inattention 
70.0 
(31) 
71.0 
(38) 
68.0 4 
(25) 
67.0 2 
(25) 
79.0 
(19) 
62.0 2 
(10) 
51.0 
(20) 
TRF 
Internalizing 
56.0 2 
(37) 
60.0 2 
(37) 
58.0 8 
(45) 
58.0 2 
(28) 
62.0 2 
(34) 
52.5 4 
(26) 
39.0 
(29) 
TRF 
Externalizing 
65.0 2 
(45) 
69.0 2 
(31) 
66.0 8 
(32) 
69.0 2 
(32) 
63.0 2 
(19) 
65.0 4 
(19) 
43.0 
(26) 
TRF Social 
problem 
56.5 2 
(30) 
66.5 3 
(20) 
61.0 9 
(20) 
61.5 3 
(16) 
62.0 2 
(12) 
53.0 4 
(20) 
50.0 
(24) 
TRF 
Inattention 
63.5 2 
(27) 
67.0 2 
(31) 
62.0 8 
(28) 
64.0 2 
(28) 
60.0 2 
(14) 
63.0 4 
(15) 
50.0 
(67) 
Lifetime problems, symptoms and  diagnoses (from  KSADS-PL)   
Psychotic 
Symptoms 
0 
4  
(26.7%) 
10 
(38.5%) 
8 
(72.7%) 
2 
(28.6%) 
0 - 
Major 
Depression 
5 
 (19.2%) 
10 
(66.7%) 
19 
(70.4%) 
7 
(63.6%) 
7 
(100%) 
5 
(62.5%) 
- 
Anxiety  
disorders 
6 
 (23.1%) 
5 
 (33.0%) 
14 
(53.8%) 
4 
(36.8%) 
5 
(71.4%) 
5 
(62.5%) 
- 
Tic 
Disorder 
3 
 (11.5%) 
5 
 (33.3%) 
8 
 (29.6%) 
3 
(27.3%) 
3 
(42.9%) 
1 
(12.5%) 
- 
Temper 
Tantrums 
14 
(53.8%) 
12 
(80.0%) 
16 
(61.5%) 
7 
(63.6%) 
2 
(28.6%) 
7 
(87.5%) 
- 
Conduct  
disorder 
3 
(11.5%) 
3 
 (20.0%) 
1 
(3.8%) 
1 
(9.1%) 
0 0 - 
Alcohol/ 
drug abuse 
2 
 (7.7%) 
4 
 (26.7%) 
2  
(7.7%) 
2 
(18.2%) 
0 
1 
(12.5%) 
- 
Reading/language 
problem 
8 
 (30.8%) 
4  
(26.7%) 
7  
(26.9%) 
4 
(36.4%) 
1 
(14.3%) 
2 
(25.0%) 
- 
PTSD (mostly 
gross neglect) 
3 
(11.5%) 
3 
 (20.0%) 
3 
 (11.5%) 
0 
2 
(28.6%) 
1 
(12.5%) 
- 
PGBI: see Table 3.1.2. MFQ=Depressive symptoms last 2 weeks. CBCL=Child Behavior Check List. 
TRF= Teacher Report Form. Internalizing=sub-scores on Anxious/Depressed, Withdrawn/Depressed 
and Somatic Complaints. Externalizing=sub-scores on Rule-Breaking and Aggressive Behaviour. 
Anxiety disorders=Separation anxiety, social phobia, other phobia, generalized anxiety, panic 
disorder, obsessive-compulsive disorder. 1 - 12 Number of missing data. 
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Table 3.1.2   PGBI-10: Parent rated mania symptoms reported ‘often’ or ‘nearly 
always’ last year: Number and percent  
 
Days or more when … 
ADHD-C 
(n=22) 
A+BD 
(n=13) 
BD 
(n=22) 
BDnos 
(n=7) 
BD-II 
(n=7) 
BD-I 
(n=8) 
1.. more depressed, irritable or 
 extremely high, overflowing energy 
6 
(23.7) 
11 
 (84.6) 
16 
(72.7) 
3 
(42.9) 
6 
(85.7) 
7 
(87.5) 
2..unusually happy, intensely  
energetic but everything got on nerves 
5 
(22.7) 
6 
(42.2) 
9 
(40.9) 
2 
(28.6) 
3 
(42.9) 
4 
(50.0) 
3.. unusually happy, intensely energetic, 
yet also physically restless 
6 
(27.3) 
8 
(61.5) 
8 
(38.1) 
0 5 
(62.5) 
3 
(42.9)1 
4…when others told you that the child 
is unusually  high, clearly different  
2  
(9.1) 
3  
(21.1) 
6 
(27,3) 
1 
(14.3) 
1 
(14.3) 
4 
(50.0) 
5…extreme happiness or energy 
yet also anxious or tense 
1  
(4.5) 
3 
 (23.1) 
7 
(31.8) 
2 
(28.6) 
2 
(28.6) 
3 
(37.5) 
6…feelings/energy are generally up or 
down, but rarely in the middle 
11 
(50.0) 
10 
 (76.9) 
17 
(77.2) 
4 
(57.1) 
6 
(85.7) 
7 
(87.5) 
7….unusually happy & energetic, also 
rage or urge to smash/destroy 
3 
 (14.3) 
7  
(58.3) 
7 
(31.8) 
1 
(14.3) 
2 
(28.6) 
4 
(50.0) 
8…mood/energy shifted rapidly from 
happy to sad  or high to low 
9 
 (40.9) 
8 
(61.5) 
15 
(68.2) 
3 
(42.9) 
5 
(71.4) 
7 
(87.5) 
9…thoughts/ideas came extremely fast 
others complain they could not keep up 
6  
(27.3) 
5 
 (38.5) 
5 
(22.7) 
1 
(14.3) 
1 
(14.3) 
3 
(37.5) 
10…extremely happy& energic,  
 took over an hour to get to sleep at  
6 
(27.3) 
6 
(42.2) 
12 
(54.59 
3 
(42.9) 
5 
(71.4) 
4  
(50.0) 
A+BD=ADHD-C+BD.  PGBI-10=Parent Parent General Behaviour Inventory 10 item. Parent 
rated manic symptoms last year: 0=never; 1=sometimes; 2=often;  3=very often 
 
 
3.2 Summary of the present studies 
Test performance across the main groups (ADHD-C, ADHD-C+BD, BD and controls) is 
presented as standardized measures in Tables 3.2.1 and 3.2.2. In papers I - II we carried out 
the analyses on standardized score. In papers III-IV we carried out the analyses on raw scores 
with covariate age and gender (and in paper IV also covariate estimated IQ).  
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3.2.1 Paper I 
In paper I we compared neuromotor function (NUBU) in ADHD-C (n=26), ADHD-C+BD 
(n=15) and BD (n=23). We revealed significantly more neurological soft signs (p< 0.01) and 
lower mean static coordination percentile (p<0.01) in the ADHD-C group and ADHD-C+BD 
group than in the BD group. This indicates that ADHD-C in paediatric BD may be a 
phenotypic copy of ADHD-C in non-BD patients. The positive predictive value of NUBU in 
the diagnosis of ADHD-C was 89% (80-95) for total soft signs and 87% (79-95) for static 
coordination below the 7.5 percentile (Table 3.2.1.). 
Most  participants in the BD group reported considerable attention problems of which 10 
participants (apart from the E criterion, Chapter 1.3.1) fulfilled the criteria of ADHD 
inattentive subtype (ADHD-I). When moving these from the BD group to an ADHD-C/ -
I+BD group, the ADHD-C/-I+BD group performed better than the ADHD-C group on several 
soft sign tests, indicating that the attention deficit was associated with BD mainly, and not 
with concurrent inattentive subtype of ADHD.  
Also, about one third of the BD patients presented problems with the soft signs finger 
opposition, Fog’s test and standing on one leg, but only 17% of the BD group presented more 
total soft signs than their age expected number of soft signs. Concurrent anxiety disorders 
were present in 27 % of the ADHD-C group and 57 % of the BD group, and could not explain 
the finding of more neuromotor problems in ADHD-C.  
We concluded that an age standardized neurological soft-sign test may promote diagnostic 
accuracy between ADHD-C and BD, and help evaluating whether symptoms of ADHD-C in 
BD patients reflects symptom overlap or true comorbidity. This may have important 
implications for everyday diagnostic work.  
3.2.2 Paper II 
This paper explored whether the characteristics of ADHD in youths with BD are similar to 
those of ADHD that occurs alone. Neuropsychological (CCPT-II), and questionnaire-based 
(ADHD rating scale-IV) measures of inattention and hyperactivity/impulsivity were 
compared in youths ADHD-C (n=25), ADHD-C+BD BD+ADHD (n=13), BD with ADHD-I 
symptoms (n=10), and BD only (n=14), relative to controls (n= 63). Although teacher and 
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parent rated ADHD-questionnaire scores were significantly elevated in all clinical groups, 
only the ADHD-C and BD+ADHD-C groups demonstrated neuropsychological impairments. 
These two groups also demonstrated significantly higher school ratings of inattention 
symptoms than the BD group. The BD groups with and without ADHD-I symptoms were not 
impaired on any neuropsychological test.  
The ADHD-C groups were only significantly impaired on ‘Focused attention’ (reaction time 
variability) and to some degree on vigilance (impaired performance when longer inter-
stimulus intervals), and not on measures of sustained attention and hyperactivity/impulsivity. 
A focused attention T-score sum of 117 was the best CCPT-II predictor of ADHD-C 
diagnosis (with or without comorbid BD) as compared  to no ADHD-C diagnosis (BD with 
and without ADHD-I and controls), with a sensitivity of 55.3% and a specificity of 80.5%. 
Vigilance T-score sum of 113 predicted ADHD-C diagnoses with a sensitivity of 47.4% and a 
specificity of 82.8%.  
We concluded that the elevated ADHD rating scale-IV scores in BD may lead to misdiagnosis 
of comorbid ADHD in BD, that ADHD combined type (ADHD-C) in the context of BD may 
be pathophysiologically similar to ADHD that occurs alone, while the ADHD inattentive type 
(ADHD-I) occurring in the setting of BD is mainly an artefact due to overlapping symptoms 
with BD. Reaction time variability thus supports the diagnosis of ADHD-C, but has too low 
sensitivity to be used as a diagnostic marker.  
3.2.3 Paper III 
The aim of this study was to explore executive dysfunctions and their association with 
processing speed and a history of psychotic symptoms in early onset BD with and without a 
history of state dependent psychotic symptoms, as compared to ADHD.-C. Executive function 
and processing speed were compared in youths grouped ADHD (n = 26), BD with a history of 
psychotic symptoms (n = 10), BD with no history of psychotic symptoms (n = 14) and 
controls (n = 69). The comorbid ADHD-C+BD group was excluded in this paper.  
We found that both BD-with a history of psychotic symptoms and ADHD-C demonstrated 
executive impairments. The BD-nonpsychotic group was impaired only with regard to 
processing speed. Processing speed adjustment did not affect cognitive flexibility 
impairments, but improved working memory and normalized interference control.  
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We concluded that executive deficits in BD may be determined by a history of psychotic 
symptoms. In both disorders, some aspects of executive problems appear speed-related. These 
findings may improve neurocognitive understanding and promote tailored education 
strategies, and perhaps reduce academic failure in youths with BD and ADHD–C.  
3.2.4 Paper IV 
This study compared memory test performance in youths with ADHD-C (n=26), ADHD-
C+BD (n=13) and BD (n=23) with 69 controls on tests of memory (Digit span, Children’s 
verbal learning test-II). Further analyses were performed on subgroups of BD (BD with and 
without a history of mood psychotic symptoms and also diagnostic subtypes of BD). 
The BD group was impaired on both verbal free recall (learning trials, delayed recall) and 
recognition indicating a genuine long-term memory deficit. These impairments were most 
pronounced those with a history of psychotic symptoms (mainly BD-I), whereas the subgroup 
with no history of psychotic symptoms was significantly impaired only on one of the verbal 
learning trials. The ADHD-C group was impaired on working memory and the verbal learning 
trials but demonstrated no deficit on delayed recall trials and the more structured recognition 
trial. The ADHD-C+BD group was impaired on both working memory and verbal 
recognition, indicating true comorbidity.  
Because only a subgroup of the BD sample was significantly impaired on recognition, verbal 
declarative memory deficits cannot be used as a diagnostic marker for BD. 
We concluded that a genuine verbal long-term memory deficits characterize BD patients with 
a history of psychotic symptoms. Individuals with ADHD-C have no genuine declarative 
memory deficit but may have problems with verbal free recall and working memory.  
These findings may guide our understanding of daily life problems in youths with ADHD and 
BD. Further studies are needed to clarify whether affected declarative long-term memory is a 
sequel of psychotic symptoms, or if psychotic symptoms are markers of a serious subtype of 
BD, including declarative memory deficits.  
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Table 3.2.1 NUBU   
Neurological soft signs below the 15th percentile (number, percent) and motor age 
percentiles (medians, range) across clinical groups including and excluding BD-NOS.  
 ADHD (n=26) 
A+BD 
(n=15) 
BD 
(n=23) 
A+B1/B2 
(n=5) 
B1/B2 
(n=16) 
Soft signs:  y= age for all evaluation criteria mastered. Percentile < 15 is below normative 
Total soft signs  22 
 (85%) 
11 
(73%) 
4 
(17%) 
5 
(100%) 
3 
(19%) 
Jump on one foot (6 y) 16 
 (62%) 
6  
(40%) 
5 
(22%) 
0  
(0%) 
3 
(19%) 
Fingertip touch: Eyes open (5 y), closed  (6 y)  5 (19%) 
2 
(13%) 
3 
(13%) 
1 
(20%) 
2 
(13%) 
Eye movements, head not following (7 y) 8 
(31%) 
2  
(13%) 
1 
(4%) 0 0 
Arms forward 20 seconds, no involunatory 
movements (8 y) 
5 
(19%) 
4  
(27%) 
1  
(4%) 
1 
(20% 0 
Walk heel-toe for 20 paces  (8 y)  7 
(27%) 
6 
(40%) 
4 
(17%) 
2 
(40%) 
2 
(13%) 
Speech: pronunciation, comprehension (8 y) 5  (19%) 
3  
(20%) 
2 
 (9%) 
1 
(20%) 
1 
 (6%) 
Stand on one leg 20 seconds, not move (8 y) 14 
 (54%) 
7 
 (47%) 
7  
(30%) 
3 
(20%) 
4  
(25%) 
Diadochokinesis (8 y)  12 
 (46%) 
5 
(33%) 
4  
(17%) 
1 
(20%) 
4  
(25%) 
Cutting paper circle: accurate, no motor 
overflow (8y)  
3  
(13%) 
4 
 (27%) 
1 
(4%) 
1 
 (20%) 
1 
 (6%) 
Walking on lateral side of feet, no motor 
overflow ( 11-12 y) 
14 
 (54%) 
7 
 (46%) 7 (30%) 
3 
 (60%) 
6  
(38%) 
Fingeropposition: accurate, smooth, no motor 
overflow (15-16 y)  
22 
 (85%) 
12 
 (80%) 
8 
 (35%) 
3 
 (60%) 
7 
 (45%) 
Motor age, percentiles (higher=better)      
Total motor Percentile 19.0  
(1-96) 
6.0  
(1-88) 
88.0  
(18-00) 
6.0 
 (1-75) 
73.0 
 (18-100) 
Static Coordination  4.0 
 (1-72) 
1.0 
 (1-99) 
63.0 
 (1-100) 
1.0 
 (1-6) 
70.5  
(1-100) 
Eye-hand Coordination 18.5 
 (1-99) 
26.0 
(1-94) 
88.0  
(75-97) 
89.0 
 (1-94) 
76.0 
 (2-100) 
Dynamic Coordination   60.5  
(1-99) 
85.0 
 (1-99) 
87.5 
 (1-99) 
88.0 
 (75-97) 
88.0 
 (1-100) 
Motor Tempo    42.0 
 (1-100) 
83.0  
(1-100) 
88.0 
 (1-95) 
83.0 
 (1-96) 
87.5 
 (1-100) 
Simultaneous Movement 55.0 
 (1-100) 
13.0 
 (1-95) 
83.0 
(1-100) 
28.0 
 (1-94) 
66.0  
(1-100) 
A+BD=ADHD+BD  
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Table 3.2.2  Performance more than one standard deviation below the 
normative mean. Number and percent across the groups   
 ADHD-C ADHD-
C+BD 
BD BD-non BD-psy Controls 
Processing speed:        
Stroop colour-naming 17 
(65.4%) 
8  
(53.3%) 
10 
(43.5%) 
4 
(28.6%) 
6 
(66.7%) 
18 
(26.5%) 
Inattention & impulsivity: CCPT-II:     
Speed: Reaction time  8  
(38.8%) 
1  
(6.7%) 
4 
(15.4%) 
3 
(18.8%) 
1 
(10.0%) 
4  
(6.3%) 
Attention; Reaction time SE 9  
(34.6%) 
7 
 (46.7%) 
6 
(23.1%) 
4 
(25.0%) 
2 
(20.0%) 
9 
 (14.3%) 
Attention: Variability 12 
(46.2%) 
10 
 (66.7%) 
5 
(19.2%) 
4 
(25.0%) 
1 
(10.0%) 
13 
 (21.%) 
Attention: Omissions 8 
(30.8%) 
5 
 (33.3%) 
3 
(11.5%) 
2 
(12.5%) 
1 
(10.0%) 
8 
 (12.7%) 
Inhibition: Commissions 7 
(26.9%) 
9  
(60.0%) 
7 
(26.9%) 
6 
(37.5%) 
1 
(10.0%) 
30 
(47.6%) 
Executive functions       
Set-shifting: WCST %  
Perseverative errors 
4 
(16.0%) 
2 
 (15.4%) 
3 
(13.0%) 
1 
 (7.7%) 
2 
(20.0%) 
5 
 (7.7%) 
Problem solving: WCST % 
Conceptual level 
10 
(38.5%) 
4 
 (26.7%) 
5 
(21.7%) 
2 
(15.4%) 
3 
(30.0%) 
9 
 (13.8%) 
Verbal working memory: 
Digit Span  
8 
(30.8%) 
4  
(26.7%) 
3 
(11.1%) 
2 
(11.8%) 
1 
(10.1%) 
10 
(14.5%) 
Declarative memory: CAVLT-II     
Free recall: 
Learning trial 5 
6 
(23.1%) 
5  
(33.3%) 
4 
(16.7%) 
2 
(14.3%) 
2 
(20.0%) 
4 
 (5.8%) 
Long-term memory: 
Recognition  
2  
(7.7%) 
9  
(60.0%) 
8 
(34.8%) 
2 
(15.4%) 
6 
(60.0%) 
4 
 (5.8%) 
BD=Bipolar Disorder. BD-psy=BD with a history of psychosis. BD-non=BD with no history 
of psychosis. CCT= Childrens’ Checking Task. CCPT-II= Conner’s Continuous Performance 
Test. WCST =Wisconsin Card Sorting Test. CAVLT-II= Children’s Verbal Learning Test-II. 
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4 Discussion 
4.1 Discussion of the main findings  
The main findings in this thesis were:  
(1) An age standardized neurological soft-sign test may promote diagnostic accuracy between 
ADHD-C and BD, in contrast to neuropsychological tests and ADHD-symptom 
questionnaires.  
(2) BD with a history of psychotic symptoms (mainly BD-I patients) demonstrated deficit 
semantic organization and long-term memory, impaired processing speed and some executive 
problems, the latter were partly speed dependent. Processing speed was also impaired in those 
with no history of psychotic symptoms  
(3) ADHD-C demonstrated increased reaction time variability (inattention), impaired 
processing speed and executive difficulties, the latter were partly speed-dependent.  
(4) ADHD-C in the context of BD performed similar to ADHD that occured alone, while the 
ADHD inattentive type occurring in the setting of BD performed similar to BD 
4.1.1 Neuromotor findings (Paper I) 
We found more neuromotor difficulties in the ADHD-C group than most former studies 278.  
In addition to the subjective judgment in NUBU, there may be other reasons for this. Firstly, 
we only included thoroughly diagnosed ADHD combined subtype. Secondly; it may be that 
ADHD patients actually have specific neuromotor deviations, but that most test batteries are 
not specific enough to uncover these. The test battery often used in diagnosing Developmental 
Coordination Disorder; the Movement ABC 279, scores dynamic and static balance together 
and manual dexterity tasks together; which may conceal actual deviations. The fact that 
parent-reported motor problems were only scarcely associated with soft signs or motor age 
percentiles supports the assumption that NUBU might be more suitable for uncovering motor 
deficits in ADHD than certain other test batteries. Besides, some recent studies using other 
neuromotor or assessment instruments also report a very high prevalence of neuromotor 
deviations and soft signs in children with ADHD supporting our findings 150, 280, 281.  
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The normative motor performance in BD is  in line with the result of a recent meta-analysis of 
neuropsychological function in paediatric BD, however only tests of hand dexterity were 
included in their analyses 13. To our knowledge only one former study compare neurological 
soft signs in youths with ADHD and BD 282. That study found the ADHD group to be most 
impaired on repetitive tasks reaction time; a task that requires inhibition of non-relevant 
movements. The BD group was most impaired on sequential motor performance. This is 
consistent with findings in adults with BD 203, 204 and with our findings: The most frequent 
soft sign in our BD group was the sequential task finger opposition. Forty-five percent of the 
BD-I/BD-II sample performed below the 15th percentile of their age on this test. However, 
very few BD participants were impaired on total soft signs in our study (Table 3.2.1)  
 
4.1.2 Neurocognitive findings (Paper II-IV) 
To our knowledge only one former study has compared youths diagnosed as BD, ADHD, 
ADHD+BD with controls as we did. In that study the ADHD and ADHD+BD groups were 
most impaired 104. However, that study used other tests, the ADHD group included mainly the 
inattentive subtype, the ADHD+ BD group included most of the ADHD combined subtype, 
and a history of psychotic symptoms in the heterogenic and very small BD group was not 
reported. Another study comparing ADHD, BD and comorbid ADHD-C+BD (no controls) 
reported findings opposite to most studies 283; the BD group demonstrated impaired 
performance on CCPT-II compared to the ADHD group. But in that study most of the 
participants in the BD groups had a BD-NOS diagnosis and all BD participants were on mood 
stabilizers or antipsychotics, predominantly both. Cognitive and/or motor impairment are well 
known adverse effects of antipsychotics 284, 285. Also, most of the ADHD participants in that 
study used stimulants shown to improve both cognitive and motor function in ADHD 286, 287.  
Findings in BD  
The normative performance on neuropsychological tests of attention and hyperactivity (Paper 
II) is in line with other studies of youths with BD 104, 225, 226. However, most studies on adults 
do reports moderate attention problems in BD 224, 288, 289, also in the euthymic phases 223, 290. 
This may have several reasons: Firstly, adult studies seldom account for comorbid ADHD. 
Secondly, number of episodes is reported to be associated with cognitive decline in BD 17. 
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Thirdly; the pathophysiology of BD may represent a developmental arrest so that cognitive 
deficits become more prominent with age.  
The BD group with a history of psychotic symptoms (the BD-psychotic subgroup) showed 
considerable verbal declarative memory deficits (Paper IV: verbal learning, semantic 
clustering, delayed recall and recognition) and some significant executive deficits in the areas 
of visuospatial working memory (Knox Cubes Test), cognitive flexibility (WCST percent 
conceptual level) and interference control (Stroop Color-word naming), but the latter was 
solely an effect of impaired processing speed (paper III). The BD group with no history of 
psychosis (the BD-nonpsychotic subgroup) was impaired only on a verbal learning trial and 
the measures of processing speed.  
These findings are in line with two meta-analyses of neurocognitive findings in paediatric 
BD; considerable verbal memory deficits but also executive and processing speed 
impairments 12, 13. These are also the most consistent findings in adults with BD 288, 289.  
The low level of semantic clustering in the BD-psychotic subgroup indicates semantic 
organization problems. Semantic memory refers to real-world knowledge and is one of the 
key factors in perception, executive functions and memory 119, 291. Thus, the cognitive deficits 
in the BD-psychotic group- and also their psychotic symptoms- may be secondary to the 
semantic organization problem 292. Inconsistent reports of semantic clustering deficit in BD 
may reflect different samples studied 291, 293, 294, because semantic deficits in BD appears to be 
associated with a history of psychotic mood episode(s) 295.  
In youths, recognition deficit was reported previously in BD-I, but not in broader BD 
phenotypes 229, 293. Because our BD-psychotic subgroup comprised mostly BD-I patients and 
the BD-nonpsychotic subgroup comprised all the BD-NOS patients, there is a partial overlap 
between a history of psychotic symptoms and the diagnostic subtypes of BD. However, the 
BD-I subgroup was numerically less impaired than the BD-psychotic subgroup and 
significantly impaired on less learning trials than the BD-II/BD-NOS subgroup so that the 
differences between the BD-I and BD-II/BD-NOS subgroups were less pronounced than the 
differences between the BD-psychotic and BD-nonpsychotic subgroups.  
The differences between the BD subgroups with and without a history of psychosis in our 
study are in line with the findings of Simonsen et al in adults with BD 296: BD patients with a 
history of psychotic episodes showed similar cognitive dysfunction to that observed in 
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schizophrenia, whereas those with no history of psychotic symptoms were impaired only on a 
measure of processing speed. Several studies of adults have reported worse cognitive deficits 
in BD patients with a history of psychotic symptoms 297, 298, and also that a history of 
psychotic symptoms explains the neurocognitive variance in BD better than the diagnostic 
subtypes of BD 296. This may indicate that a history of psychotic symptoms is a marker of a 
more serious developmental subtype of BD with more cognitive deficits, or that some 
cognitive deficit is a sequel of psychotic episodes in BD. Reports of pre-morbid normative 
cognitive development in BD support the latter suggestion 136, 299, while cognitive deficits in 
BD-I offspring and first degree relatives of BD patients indicate that some cognitive 
impairments may be prior to illness onset in a subtype of BD 230, 300-302 
The high degree of lifetime psychotic symptoms in our BD sample supports the suggestion 
that early onset BD often represents a severe subtype of the disorder with more psychotic 
symptoms than adult BD 63, 90, 303 and may also reflect that our sample comprised several 
seriously ill BD patients referred from other units. Despite no reports of psychotic symptoms 
outside a mood episode, we might have some misdiagnosed patients with schizoaffective 
disorder in the BD-psychotic group, contributing to the cognitive deficits in this group. Also, 
retrospective information of psychotic symptoms is difficult to evaluate in children, so drug 
related psychotic symptoms or false perceptions may have been misinterpreted as psychotic 
episodes of BD 304-306 .  
In our sample mood symptoms had no significant impact on performance, but due to the small 
sample and large intra-group variation, we cannot rule out the effect of clinical state on test 
performance.  
Findings in ADHD-C 
It is interesting that the CCPT-II tests designed specifically for identifying ADHD, revealed 
attention deficits in only in a sub-fraction of the ADHD groups and no deficits in sustained 
attention or hyperactivity/ impulsivity. Executive function was impaired in an equally large 
subgroup of ADHD-C participants (paper II-III and table 2.2.2). This is in line with the 
ADHD literature 236, 307.  
Despite high hyperactivity/impulsivity scores on ADHD rating scale–IV and 
hyperactivity/impulsivity being among the diagnostic criteria for ADHD-C, the ADHD-C 
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group demonstrated slow reaction time. Thus, hyperactivity symptoms may rather be due to 
adjustment problems than hyperactivity per se  216, 308.  
Reaction time variability and impaired processing speed were the most frequent deficits in our 
ADHD-C group, in line with the recent ADHD literature 309, 310. Such impairments may be 
modulated by energetic or motivational factors, explaining the high intra- and inter-variability 
of cognitive functioning in ADHD 311 . It is likely that the widespread abnormalities in 
multiple white matter tracts in ADHD causes ineffective signalling of the prefrontal cortex 
when top-down control is needed and thereby poor cognitive, motor, behaviour and emotional 
adjustment, which may be enhanced by energetic or motivational factors 202. 
Several authors have suggested that ADHD is best conceptualized as a heterogeneous 
neurobiological condition 312, 313. A recent large sized twin study suggested two familial 
factors of ADHD-C, a large developmental factor affecting mean reaction time and reaction 
time variability and a smaller arousal-attention model affecting omissions and commissions  
310. This agrees to some extent with our findings that impaired processing speed and reaction 
time variability were the most frequent impairments in our ADHD-C groups, whereas a 
smaller sub-fraction had deviated performance on omissions, commissions and executive 
function (Table 3.2).    
The ADHD-C group’s efficient recognition indicates that verbal recall problems in ADHD 
may be due to executive problems rather than a genuine declarative memory deficit 314. 
Studies of verbal recognition in ADHD report impaired free recall and normal recognition as 
we did 315, 316.  
The ADHD+BD group, both comorbidity and confusion 
The ADHD-C+BD group demonstrated neuromotor impairments, working memory deficit 
and increased reaction time variability similar to the ADHD-C group and long term verbal 
memory deficit similar to the BD group, indicating that this group included participants with 
‘true comorbidity’. The ADHD-C+BD group was the most impaired on several tests, with a 
considerable contribution by the 4 ADHD-C+BD participants with a history of psychotic 
symptoms.  From BD offspring studies we know that increased risk of comorbid ADHD, 
neurocognitive deficits and psychotic disorder is observed among offspring from lithium no-
responder families, suggesting that early onset BD with concurrent ADHD-C may represent a 
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more serious neurodevelopmental subtype of BD 54. However, the heterogenic performance 
and the preponderance of BD-NOS in our comorbid group indicate that this group includes 
several disorders; some of which probably belongs to an ADHD-C subtype with substantial 
mood instability rather than a comorbid BD subtype 7. 
The BD subgroup with ADHD-I performed similar to the BD group on neuromotort and 
attentional tests indicating that the inattentive type of ADHD occurring in the context of BD 
is mainly an artefact and is associated mainly with BD.  
Common deficits in BD and ADHD-C 
Speed impairment was the most pronounced cognitive deficit in all clinical groups, and some 
aspects of the executive deficits were speed-related. Studies in adults support the suggestion 
that some aspects of executive function is related to impaired processing speed 317, 318. The 
efficiency of cognitive functions depends on efficient processing speeds, which normally 
reach mature levels of performance during the extensive myelinisation and pruning that 
occurs during adolescence 9, 319. The prefrontal white matter abnormalities found in both  BD 
and ADHD may explain their  common processing speed deficit 179.  
ADHD questionnaires 
Parent and teacher rated ADHD-symptom questionnaires corresponded neither to diagnosis 
nor to neuropsychological tests assumed to measure inattention and hyperactivity. Elevated 
questionnaire-based ratings of ADHD symptoms in youths with BD have also been reported 
by others, also in those with no comorbid ADHD or cognitive deficit 104, 225, 231. The elevated 
scores on ADHD rating scale-IV in BD were not surprising, given the overlapping symptoms 
of inattention, hyperactivity and impulsiveness between BD and ADHD-C. Symptom 
checklists such as ADHD rating scale-IV do not assess the course of the symptoms, which is 
necessary in order to discern the episodic presentation of BD from the chronisity of ADHD. 
Though some studies do report that ADHD rating scale-IV support the ADHD diagnosis in 
clinical samples, scores for clinical control sample are usually presented for merged 
diagnostic groups and the diagnostic validity versus BD diagnosis is not assessed 259.    
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4.1 Clinical implications 
As the title of this thesis implies, the aim was to look beyond the diagnostic categories and 
identify the neuromotor and neuropsychological problems underlying symptoms, daily life 
problems and academic difficulties -and hopefully to find some diagnostic ‘hooks’. 
Diagnostic procedure 
The clarification of symptom overlap versus comorbidity in ADHD and BD has important 
implications for the diagnosis and treatment of ADHD in the context of BD (Paper I and II).  
When making a differential diagnosis between ADHD-C and BD one should not only rely on 
self-rating questionnaires and neuropsychological tests, but include at least a semi-structured 
interview and clinical assessment.  
At present date, the best clinical marker of ADHD-C appears to be neuromotor problems (but 
normal performance on NUBU does not rule out the diagnosis ADHD-C, as mentioned 
above).  
However, the motor tests in NUBU are time consuming and require special equipment and are 
therefore cumbersome in everyday clinical work. The soft sign test requires no special 
equipment, is far less time consuming and its  positive predictive value for ADHD-C 
compared to BD was 89%.  
The BD-group also demonstrated more of some soft signs than normative for their age on the 
tests finger opposition and walking on the lateral side of the feet, but still significantly less 
than in the ADHD-C groups (Table 2.2.1). It is important to note that neurological soft signs 
are frequent in younger children, and it is a considerably increased total amount of soft signs 
compared to the norm at that age that may be a sign of ADHD-C.  
No clinical sign is known to promote the diagnostic accuracy of BD versus ADHD-C. Though  
verbal long-term memory deficit was present in the BD-psychotic group in contrast to the 
ADHD-C group, the normative performance of the BD-nonpsychotic group limits the 
diagnostic utility of memory tests in BD.  
Once we accept our limits, we go beyond them (Albert Einstein) 
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Neuromotor problems are probably more frequent in ADHD-C than previously presumed, and 
have a severe impact on children’s daily life, are strong predictors of a child’s popularity and 
self esteem and are highly correlated with bully victimization 141, 142, 152, 320. Motor problems 
are often ignored or misinterpreted by parents, teachers and peers – and by the children them-
selves. For example, because of static coordination problems they become more easily tired 
and exhausted and often sit rested with their upper body on the desk, supporting the head, or 
slide down on the chair into a leaning position -misinterpreted as unmotivated , ill-mannered 
or lazy. Due to motor overflow they often involuntary bump into things - and other people - 
misinterpreted as pushing or aggressiveness. Impaired hand dexterity gives rise to hand-
writing problems misinterpreted as carelessness. In our study, impaired static coordination, 
motor overflow (provoked by walking on lateral sides of feet and finger opposition) and hand 
dexterity problems (finger opposition) were the most frequent problems in the ADHD-C 
groups, the frequency of the two latter were also somewhat  increased in the BD-I/BD-II 
group. Early identification and survey of neuromotor problems may ameliorate the child’s 
self-esteem by explaining to the child that it is not his/hers fault, and reverse the negative 
feedback from teachers and parents by pointing out their misinterpretation of the child’s 
behaviour. Also intervention for motor problems may ameliorate motor disability156, 287. 
During this work it has become even clearer to me that the BD and ADHD-C phenotypes 
include heterogenic neurological problems, increasing the need for survey of these. 
Widespread psychosocial difficulties are reported in both disorders and early intervention 
may reduce impairment, stigma and serious complications (Chapter 1.6.2-3).  
Though not very useful as diagnostic tools, neurocognitive assessments are valuable for 
understanding daily life problems and academic problems and facilitating intervention for 
those affected. Based on our findings, simple intervention such as less use of verbal teaching 
strategies and offering enough time, may improve academic function in both BD and ADHD. 
Such interventions may hopefully also enhance future functional impairment associated with 
cognitive deficits 130, 133, 82, 172, 175.  When it comes to the BD-psychotic subgroup, semantic 
organization problems can have a direct and lasting impact on psychosocial functioning and 
also be the cause of their cognitive deficits and psychotic symptoms. Thus, deficient semantic 
clustering may indicate a markedly increased risk for functional impairment and poor 
outcome. These patients are often in need of tailored treatment interventions and education 
strategies. 
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4.2 Scientific implications 
It remains to find out if there are more specific tests that would uncover neuromotor problems 
in all participants with ADHD-C, considering the intra-individual performance in ADHD-C 
and the effect of energetic and motivational factors. 
 In BD patients with neuromotor symptoms, are these associated with comorbid ADHD of the 
inattention type misinterpreted as inattention related to their BD? Or are neuromotor 
symptoms in BD markers of a neurodevelopmental subtype of BD. Studies of larger samples 
and more heterogenic BD groups are needed.  
To the best of our knowledge, this study is the first to demonstrate that cognitive deficits in 
youths with BD are characteristics of those with a history of psychotic symptoms, in line with 
the findings in adult BD. The finding that cognitive deficits are specific to BD with a history 
of psychotic symptoms may help to define more homogenous subgroups and ultimately 
contribute to elucidating the pathophysiology of this highly disabling disease.  
Our finding of normative attentional performance, some executive deficits and a genuine 
verbal declarative memory deficit in our BD-psychotic group supports the suggestion that the 
attention deficits in adult BD may be a consequence of repeated mood episodes or an artefact 
due to failure to account for comorbid ADHD. If attention deficit in BD is associated with 
repeated mood episodes this strongly emphasizes the importance of early detection and 
treatment of BD. 
We found that very scarce semantic clustering and a genuine long-term memory deficit were 
specific to the BD-psychotic group. Studies of offspring of BD patients report impairments in 
cognitive flexibility and verbal recall, but not in verbal recognition 300, 321. Longitudinal 
offspring studies are needed to clarify whether semantic and verbal long-term memory 
deficits are markers of a psychotic subtype of BD or a consequence of psychotic episodes in 
BD, which is important in light of the poor prognosis of those with verbal declarative memory 
deficits.  
The cognitive deficits in the BD group may have been secondary to their semantic 
organization deficit. Semantic memory is acquired through the long term adjustment of 
massively interconnected objects of knowledge, and several cognitive domains are largely 
dependent upon a well organized network of semantic associations 322, 323. Thus, subtle 
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impairments in semantic networks can bring about considerable changes in cognition and 
experiences, and also influence delusion formation 292. Follow up studies may be needed to 
clarify the interplay between semantic organization and behavioral characteristics.  
Though several studies demonstrate impaired processing speed in youths with BD and 
ADHD-C, this is –to our knowledge - the first study to explore the effect of processing speed 
on executive functions in these disorders. This knowledge may contribute to a better 
theoretical understanding of the psychopathology of both ADHD- C and BD.  
4.3 Limitations and strengths 
4.3.1 Cross-sectional design and diagnostic issues 
Despite the fact that each of the individuals in the BD-groups met the diagnostic criteria for 
BD at the time of inclusion, it is likely that there are differences in aetiology, because the BD 
criteria are developmentally insensitive 10. A cross section description will only give a 
snapshot of the symptoms. Ideally one should study individuals over time.  
To account for the cross-sectional symptom based approach, a careful lifetime and family 
anamnesis was provided, focusing on genetic, developmental, environmental and 
neurobiological influences on reported symptoms.  Also, one of the initial inclusion criteria in 
this study was BD in the family in the BD group and ADHD in the family of the ADHD-C 
group.  However, several of the suggested ‘BD offspring’ turned out to have a parent with 
‘medication non-responding BD-II or BD-NOS’ and obvious symptoms of ADHD. No parent 
actually had a formal ADHD diagnosis, neither BD patients nor ADHD parents, probably 
because ADHD has been a ‘legal’ adult diagnosis for only a few years in Norway. Therefore, 
this criterion was dropped.  
4.3.2 Inclusion procedure 
The recruiting procedure of the clinical sample was not optimally systematic (though the 
inclusion and assessments procedures were accurate), thus the clinical sample is was 
convenient rather than systematically selected.  
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4.3.3 Diagnostic issues  
Early onset BD appears to evolve from nonspecific symptoms such as anxiety, sleep problems 
or ADHD-like symptoms via mood instability and adjustment problems, culminating in major 
mood episodes (most often depression) in late childhood, adolescence or early adulthood 53, 54. 
Supporting the validity of the BD diagnoses in our study is that these prodromal symptoms 
were reported in many of the BD participants: Sleeping problems were reported ‘often/ nearly 
always last year’ in 50 percent of the BD-I sample and 72 percent of the BD-II sample (Table 
3.1.2). More than 50 percent of the BD sample fulfilled the diagnostic criteria for one or more 
anxiety disorders (Table 3.1.1). Rapid mood shifts were reported ‘often/ nearly always last 
year’ in nearly 90 percent of the BD-I sample and about 80 percent of the BD-II sample 
(Table 3.1.2). The first mood episode was a depression in all the BD-II patients, but also in 
the majority of the BD-I patients. Moreover, a history of psychotic symptoms was reported in 
more than 70 percent of the BD-I sample (Table 3.1.1), in line with the findings that early 
onset BD often appears to have a more severe course with more psychotic episodes than later 
onset BD 303.  
The validity of our diagnoses is also supported by the distinct group differences we found on 
test performance, that were in line with the BD and ADHD literature.  
Considering the uncertainty of psychiatric diagnoses in childhood and adolescence, all 
participants in the clinical groups were offered diagnostic reassessment after 2-3 years and 
after the age of 18; using the same diagnostic procedures as when included.  
4.3.4 Small and heterogenic bipolar disorder sample  
The small sample is the main limit of this study. Despite extensive recruitment work, the 
sample size for the BD group was small, increasing the likelihood for both Type I and Type II 
errors. This probably reflects that the fact that BD is infrequent and difficult to diagnose in 
children and adolescents 324. 
The heterogeneity of the BD groups also limits the generalization of our findings. We had 
hoped for a more homogeneous BD group, but because of the small sample we had to include 
broader spectrum BD as well. However, the distinct differences we found between our small 
74 
 
BD subgroups were in line with findings reported in the literature, supporting the validity of 
our findings.  
4.3.5 Controls, diagnostic issues 
Our control group was not verified as healthy by a diagnostic interview, so that the 
differences between clinical probands and healthy controls may actually be larger. However, 
all controls attended regular school classes with normal grade levels. They were not using 
prescribed medication, receiving treatment from child and adolescent psychiatric services, 
diagnosed with a learning disability or currently receiving any form of special tutoring/ 
education. Exclusion criteria were mental retardation, metabolic disorders, organic brain 
disease, head injury, medication, psychiatric disorder, learning disability and score above the 
93rd percentile on ADHD Rating Scale-IV. Thus, these controls were something in between 
‘average’ and ‘healthy’ controls.  
4.3.6 Motor tests 
Though the NUBU test is based on older test batteries and supported by a detailed manual 
with DVD demonstrations of the tests for each age level, the person who carried out most of 
the assessments is a medical doctor (me) who was not very trained in neuromotor assessments 
at the start of the inclusion period. It is reasonable to assume that I improved my proficiency 
during the data collection period. Thus, the later neuromotor assessments might have been 
more valid than the first ones. Also the NUBU assessment and scoring algorithms were 
slightly changed during the study. Therefore, the first included patients (n=12) were retested 
at the end of the inclusion phase. 
A weakness of NUBU is the contribution of subjective judgments in scoring. Because I 
carried out all the diagnostic assessments and most of the neuromotor assessments, blinding 
was impossible. This factor probably contributed to the high prevalence of neuromotor 
problems among ADHD-C patients in this study. However, a blinded design would not have 
eliminated rater bias because the experienced rater would easily guess the group membership 
of the children with ADHD due to their attention problems, fidgeting, impulsive behaviour 
and insufficient use of proximal stabilizing muscles giving them a ‘hypotonic’ look 325. Yet, 
the highly significant differences between the groups and the high inter-rater reliability 
75 
 
between the raters in this study rule out the possibility that bias rating alone could explain the 
results.  Videotaped assessments would have increased the opportunity for validating the 
findings.  
Also characteristics of the subject assessed such as anxiety, tiredness, motivation, medication 
and mood symptoms may influence the result of neuromotor assessment. Neuromotor 
problems are common in many other disorders such as schizophrenia, prolonged excessive 
anxiety states and social phobia 196, 326. Tics and mood states may also affect the neuromotor 
performance. In our study, anxiety disorders, tics and mood symptoms were most frequent in 
the BD group and did not contribute to the increased prevalence of neuromotor problems in 
ADHD-C as compared to BD. 
4.3.7 Neuropsychological tests 
A strength of our study is that young persons may be more suitable for neuropsychological 
studies than adults because they are less influenced by environmental factors and illness-
related sequel, for example such as medication effects and drug abuse is, in parallel to a 
hypothesized stronger proportional influence of genes 327. Other strengths are that very few of 
our participants were on mood-stabilizers, we accounted for state, estimated IQ, comorbidity 
and multiple comparisons, and clinical groups were directly compared with each other and 
with controls. The main examiner was a very experienced specialist in both neuropsychology 
and child and adolescent psychology and the assessment procedures were also standardized 
with regard to time of the day, order and breaks.  
Performance in neuropsychological tests may also be influenced by motivation, stress, 
tiredness, mood symptoms and comorbidities. High anxiety levels may result in mental 
efficiency problems such as slowing, scrambled or blocked thoughts and words, memory 
failure and enhanced distractibility, though these are not consistent findings 328, 329. 
Depression is reported to interfere with memory and response tempo, though cognitive 
performance by most depressed patients is not affected 329-331. Though we did not reveal any 
effect of mood symptoms, medication or comorbidity, our sample was too small to rule out 
effects of these.   
Test results are reported for groups, though intra-group variation was considerable on all 
measures in all groups, limiting the generalization of the results. The heterogeneity of the BD 
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sample probably contributed to this. Clinical heterogeneity was hardly the case in our well-
characterized sample of youths with ADHD-C. However, neuropsychological heterogeneity is 
a well known theme in the ADHD literature, and may be due to a complex causal structure, as 
well as intra-individual differences in performance due to poor/ shifting adjustment in 
different contexts rather than primary neuropsychological deficits 311, 332. 
 The neuropsychological data were mostly nominal and non-parametrically distributed, and 
were influenced by several moderators and covariates. Together with our small sample this 
makes statistic modelling imperfect, which is a common problem in most neuropsychological 
studies. Also, neuropsychological studies on ADHD-C and BD are difficult to compare due to 
methodological differences regarding neuropsychological tasks and diagnostic groups as well 
as failure to account for IQ, state, comorbidity, medication and multiple comparisons.  
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5 Conclusions:  
 
Neither neuropsychological tests nor parent and teacher rated ADHD- symptom 
questionnaires differentiate ADHD from BD. Neuromotor tests does. Inattentive symptoms in 
BD are not related to the inattentive type of ADHD. Cognitive deficits in BD characterize 
mainly those with a history of psychotic symptoms. Processing speed characterize all BD 
subgroups and also ADHD-C. Some executive problems are speed-dependent.  
These findings may have important implications for everyday diagnostic work and perhaps 
facilitate interventions in order to prevent functional impairments. The findings may also lend 
insight into the neurobiological systems that are disrupted in these disorders. 
 
Further studies are warranted to  
Clarify whether there are more specific tests that would uncover neuromotor problems in all 
patients with ADHD-C. 
Evaluate whether early intervention may prevent psychosocial, psychiatric and somatic 
complications of neuromotor problems. 
Evaluate whether adapted educational strategies could limit the educational and functional 
outcome in children with cognitive problems.  
Clarify if cognitive deficit is a marker for a serious subtype of BD or an effect of psychotic 
episodes.  
Clarify the interplay between semantic organization and cognitive deficits, psychotic 
symptoms and behavioral characteristics in BD.  
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Abstract  
 
Background 
Differentiating between bipolar spectrum disorder (BD) and attention deficit hyperactivity 
disorder (ADHD) in childhood and adolescence is difficult because the clinical presentation is 
influenced by ongoing neural development, causing considerable symptom overlap.  Motor 
problems and neurological soft signs have been associated with ADHD for decades. Little is 
known about motor skills in BD.  Here we assess the diagnostic accuracy of neuromotor 
deviations in differentiating ADHD from BD in clinical practice.  We also investigate if these 
deviations exist in concurrent ADHD and BD, thus indicating true comorbidity 
 
Methods 
64 patients 6-18 years (31 girls, 33 boys) fulfilling the diagnostic criteria of BD, ADHD 
combined subtype (ADHD-C) or comorbid BD and ADHD-C, were compared using an age-
standardized neuromotor test; NUBU. Categorical variables were analyzed using cross table 
with two-tailed chi square test or Fisher’s exact test when appropriate.  Continuous variables 
were analyzed by Kruskal-Wallis test and, if significant, Mann-Whitney U test and ROC 
plots. 
 
Results 
The ADHD-C group and the comorbid ADHD-C and BD group both showed significantly 
more neurological soft signs (p less than 0.01) and lower mean static coordination percentile 
(p less than 0.01) than the BD group. The positive predictive value of  NUBU in the diagnosis 
of ADHD-C with or without concurrent BD was 89% (80-95) for total soft signs and 100% 
(85-100) for static coordination below the 7.5 percentile.  
 
Conclusions 
An age-standardized neuromotor test battery may promote diagnostic accuracy in 
differentiating ADHD from BD in clinical practice, and help evaluating whether symptoms of 
ADHD in children who have BD reflect symptom overlap or real comorbidity. This may have 
important implications for everyday diagnostic work. 
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Background  
The frequent co-occurrence of BD and ADHD in children has been a matter of much 
discussion and research [1]. Still, concurrent diagnosis of BD and ADHD remains 
controversial. There is a considerable symptom overlap between the diagnostic criteria of 
ADHD and mania. Attention deficits are often found in BD [2] and affective episodes are 
common in ADHD [3]; manic symptoms in children may be a marker of  severe 
psychopathology rather than of a specific diagnosis [4].  Ongoing brain development 
influences the clinical presentation and makes it even more difficult to separate the two 
disorders. Neuroimaging studies indicate biological differences between the disorders [5], but 
these methods are not useful in clinical practice. It is therefore a need for clinical useful signs 
to support our descriptive diagnoses.  
 
Neuromotor problems in ADHD   
Motor skill problems and neurological soft signs have been associated with inattention and 
behaviour difficulties for decades. Concurrent developmental coordination disorder (DCD) is 
reported in about 50% of children with ADHD [6,7], mainly correlated to combined or 
inattentive subtypes [7,8]. The earlier minimal brain dysfunction term included soft signs or 
motor problems as signs of neurological dysfunction [6]. Some authors argue that these signs 
should be included in the diagnostics of ADHD [9,10].  A review found that movement 
behaviour in ADHD were described in 49 papers between 1949 and 2002; indicating that 
movement skill difficulties, poor level of physical fitness and concurrent DCD are frequent in 
ADHD [11].  Movement skill difficulties often reported are impaired timing [12], impaired 
hand dexterity/ fine motor coordination [13], “motor overflow” and neurological soft signs 
[10,14,15]. Many of these terms indicate difficulties inhibiting motor responses, which is a 
consistent finding in ADHD and seemingly varies with task complexity [16].  Balance 
problems are also often reported in ADHD and are thought to be of cerebellar origin [8,17-
19]. Cerebellar abnormalities may also be involved in other motor problems in ADHD. A 
meta-analysis of structural neuroimaging studies in ADHD found prominent reductions in 
cerebellum [20], and a recent diffusion tensor study in youths with ADHD showed increased 
fractional anisotropy in white matter pathways connecting prefrontal and parietal-occipital 
areas with striatum and cerebellum [21]. Deficient signalling of the prefrontal cortex (PFC) 
by parietal cortex, basal ganglia and cerebellum may underlie the poor cognitive, motor and 
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behaviour adjustment in ADHD [22].  The motor problems in ADHD may thus be due to 
poor adjustment in different contexts rather than primary motor deficits, explaining the 
variability in performance often reported in the ADHD literature.          
                                                                                                               
Neuromotor problems in BD    
There are few reports on motor problems in BD. In two studies, patients with  BD were 
impaired on sequential motor performance consistent with the frequent reported impaired 
attention set-shifting in BD [23,24]. In contrast, the ADHD subjects were impaired on 
repetitive motor performance, indicating motor inhibition problems [24]. Another study 
revealed fine motor skills impairment linked to depressive episodes only [25].  A review 
paper found significantly more soft signs in schizophrenia and mood disorders versus when 
compared to normal controls. Poor stereognosis and rhythm tapping were more prevalent in 
mood disorders than in schizophrenia. Poor diadochokinesia, tandem walk, finger-thumb 
opposition and articulation was more prevalent in schizophrenia than in mood disorders [26].  
Neuroimaging studies in BD suggest abnormalities in a ventromedial PFC-amygdala network 
regulating mood, and a linked dorsolateral PFC-subcortical network modulating cognition 
[27]. Decreased amygdala volume is a consistent finding in youths but not in adults with BD 
[28]. The PFC deficits appears to emerge during adolescence [29].  A hypothesis is that 
primary amygdala or anterior cingulate deficits causes stress-induced volumetric 
abnormalities in PFC and other regions [27].  Theoretically these findings should not indicate 
motor problems in BD. However, in mainly adult BD patients with multiple episodes more 
structural abnormalities are found, including ventricle enlargement [30], white matter 
hyperintensities and cerebellar abnormalities [19]. The latter was associated with the number 
of depressive episodes, and might give rise to motor adjustment symptoms.  
 
The purpose of this study was twofold 
Investigate if prevalence of motor deviations differs between youths with ADHD and BD.  2. 
Investigate if these deviations also exist in concurrent ADHD and BD, thus indicating true 
comorbidity.  A priori hypotheses: 1. Neuromotor deviations are a common feature of ADHD 
but not of BD. 2. Neuromotor deviations occurring in concurrent ADHD and BD are 
indicative of true comorbidity. 
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Methods 
 
Inclusion criteria 
Inclusion criteria were ADHD combined subtype (ADHD-C), BD and concurrent ADHD-C 
and BD (ADHD-C+BD).  We included ADHD-C only, because data supporting the validity 
of other subtypes of ADHD is scarce [31]. Those with BD and ADHD-C were classified as 
ADHD-C+ BD. Those with BD and other subtypes of ADHD were classified as BD only. BD 
was defined as BP-I or BP-II according to DSM-IV [32], or BP-NOS according to the Course 
of Bipolar Youth criteria [33]: “A minimum of elated mood plus 2 associated DSM-IV 
symptoms, or irritable mood plus 3 DSM-IV associated symptoms, along with a change in the 
level of functioning, duration of a minimum of 4 hours within a 24-hour period, and at least 4 
cumulative lifetime days meeting the criteria”. This is a  possible bipolar category; 25% 
percent of children and adolescent fulfilling these criteria are shown to convert into BP-I or 
BP-II in 2 years [33]. Patients with longer hypomania episodes without depressive episodes 
and patients with cyclothymic disorder according to DSM-IV were also categorized as BP-
NOS. 
 
Exclusion criteria 
Mental retardation according to DSM-IV or sequelae of brain injury.  
 
Procedure    
Subjects were recruited from a general child and adolescent psychiatry outpatient unit, mainly 
from one Norwegian community with approximately 25,000 persons <18 years. Inclusion 
period was December 2004 to April 2008, 1267 subjects (586 females) were referred to the 
unit in this period. In addition ten subjects were referred from other child and adolescent 
psychiatry units because of this study. Whenever bipolar disorder was suspected (n= 208) by 
any of the employees, the patients were evaluated for further assessment.  Finally 172 
subjects were interviewed by the  Kiddie-Schedule for Affective Disorders and Schizophrenia 
Present and Lifetime version (KSADS)[34] . Caregiver(s) and children > 8 years were 
interviewed separately by a psychiatrist trained by the child and adolescent psychiatrist 
responsible for translating and coursing of  KSADS in Norway. The taped interviews, 
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supplied with condensed anamnestic information, were validated by a child and adolescent 
psychiatrist. Interrater agreement (kappa) was 1.0 on bipolar disorder and 0.87 on ADHD-C.  
Most of the patients with ADHD-C were recruited from subjects with suspected BD, who 
fulfilled the ADHD-C criteria only according to the KSADS interview. Ten additional 
patients with suspected ADHD-C only were selected from patients at the unit to optimize the 
age, gender and IQ match between the groups. These went through the same diagnostic 
assessments as the other participants.  
In addition to diagnoses of ADHD-C and BD, other diagnoses and background information 
were recorded from KSADS. All subjects completed an IQ-test (the Wechsler Intelligence 
Scale for Children-III Norwegian version or the Wechsler Adult Intelligence Scale III 
Norwegian version, supplied with the Vineland Adaptive Behaviour Scales when required). 
Further information was obtained from school (Teacher Behaviour Rating Scale [35]), 
teachers evaluation and in most cases school observation).  Subjects received standard 
treatment; this was not a part of the study but was recorded as clinical information. The final 
diagnosis was based on KSADS and all available information including response to 
medication within one month after inclusion, in a discussion with the main researcher and an 
experienced child psychiatrist (last author).   
 
Subjects 
Sixty-six subjects were initially included. Two female BP-I patients were later excluded; one 
because of drug abuse during testing and one because of possible perinatal brain injury. 
Sixty-four subjects grouped as ADHD-C, ADHD-C+BD or BD were finally included in the 
study. Six patients with concurrent ADHD-C and BP-NOS symptoms no longer satisfied the 
criteria for BP-NOS after stimulant medication; these were reclassified as ADHD-C only. 
One patient with BP-I successfully treated by a mood stabilizer, switched to mania when 
adding a stimulant to treat concurrent ADHD symptoms, this patient was therefore classified 
as BP-I only.   
Twenty-six fulfilled the criteria for ADHD-C only, mean age 13.2 years (S.D. =3.8 years), 
mean total IQ 91.4 (S.D. =10.9), 11 females. Fifteen fulfilled the criteria for both ADHD-C 
and BD (BP-I=3, BP-II=4, BP-NOS=8), mean age 14.0 years (S.D. =3.6 years), mean total IQ 
90.1 (S.D. =14.7), females 7. Twenty-three fulfilled the criteria of BD (BP-I=8, BP-II=7, BP-
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NOS=8), mean age 13.8 years (S.D. =3.8 years), mean total IQ=95.1 (S.D. =13.3), females 
13. Differences in age and total IQ were non-significant. 
 
Motor examination  
The Neuromotor examination for children and adolescents 4-16 years (NUBU) was used [36]. 
It includes a revised version of the neurological soft sign test from the Isle of Wight Study 
[37] and motor tests developed from the Oseretsky’s test [38]. NUBU is age standardized in a 
recent study of 272 representative Norwegian children and adolescents without known 
developmental problems [36].  A soft neurological sign refers to a minor neurological 
finding, indicating neurological dysfunction depending on age. The soft sign tests in NUBU 
are the same for all ages; deviations are defined as performance inferior to 85 % of the 
normally developing children. The motor test covers five different domains, each with ten age 
standardized items. The norms are based on a Rasch model and expressed in terms of age 
equivalents and percentiles in the range 3.5 to 18 years. In the normative sample, Rasch 
person reliability was 0.94 and Rasch interrater reliability was 0.99 (Harald Janson, personal 
communication).   
 
NUBU 4-18 Soft signs; age for all evaluation criteria mastered:  
1. Total soft signs (summarized test 2-12)  
2. 20 jumps on one foot (6 years) 
3. Fingertip touch with open (5 years) and closed eyes (6 years) 
 4. Oculomotor function; coordinated eye movements without head following  (7 years) 
5. Stretch arms forward for 20 seconds without involuntary or abnormal movements (8 years) 
6. Walking heel-toe on line for 20 paces (8 years) 
7. Speech; pronunciation and comprehension   (8 years) 
8. Standing on one foot for 20 seconds (8 years) 
9. Diadochokinesis (8 years) 
10. Cutting a paper circle (8 years) 
11. Fog’s test: Walking on lateral sides of feet (11-12 years) 
12. Finger opposition (15-16 years) 
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NUBU 4-18 Motor tests; ten age standardized items of each test :   
1. Total motor age (mean value of  test 2-6) 
2. Static coordination (postural control in different positions  without moving the feet) 
3. Hand-eye coordination (hand-eye coordination and ball tests) 
4. Dynamic coordination (postural control in different moving positions)  
5. Motor tempo (tempo and precision in hand- and postural movements) 
6. Simultaneous movement (motor coordination and sustained rhythm in simultaneous 
motion) 
We used the percentile scores in our group comparisons. The NUBU testing was performed 
by a psychiatrist trained by the authors of NUBU and by two physiotherapists with special 
competence in child and adolescent psychiatry, supported by a detailed manual with DVD 
demonstration of the NUBU tests. Interrater reliability was established by two of the 
investigators, testing 6 patients together. For motor percentile test, Intraclass Correlation 
Coefficient range was 0.91-1.00 (single measure). Soft sign tests kappa measure of agreement 
range was 0.57 – 1.00 (kappa). Inclusion date and test date were not significantly correlated 
with total soft sign deviations or total motor age. 
We attempted to do the test in euthymic and drug free patients. This was impossible in a 
minority of the subjects because of severity of symptoms (mania or psychosis; n= 9), these 
were assessed using mood stabilizers. All other medication was discontinued for a minimum 
of five times the elimination half-life before testing.  We had to retest the first included 
patients (n= 12) after two years because the NUBU scoring algorithms were slightly changed. 
Missing data: One did not do the dynamic coordination subtest because of discus prolapse 
and one did not co-operate in the tempo subtest. There were no missing data in the soft sign 
tests. 
 
Self reported motor problems 
The KSADS does not include the diagnostics of DCD, but the introductory part contains 
questions about motor development and motor difficulties. Answers on these questions were 
compared with the NUBU findings. 
 
Statistical analysis  
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Data were analyzed using the Statistical Package for Social Sciences (SPSS), version 16.  
Analyzed factors were soft sign deviations and motor age percentiles adjusted for possibly 
confounders (comorbidity and medication). Categorical variables were analyzed using cross 
table with two-tailed chi square test (with Yates Continuity Correction) or Fisher’s exact test 
when appropriate. Continuous variables were analyzed by Kruskal-Wallis test and if 
significant, pairwise comparisons using Mann-Whitney U test.  ROC curves were used to 
decide cut off value for presence of ADHD-C diagnosis and corresponding sensitivity, 
specificity and predictive values. Reported motor problems (from the introductory part of 
KSADS) were compared with total motor problems and total soft sign deviations by 
Spearman correlation.    
 
Ethics 
The protocol was approved by the Regional Committee for Medical Research Ethics of 
Southern Norway and the Norwegian Social Science Data Services. All children and their 
caregivers were given verbal and written information. Caregivers gave formal written consent 
for all children under age 18 years. Children ≥ 12 years gave formal written consent, younger 
children gave spoken consent.  Data collection was mostly incorporated in routine clinical 
work. Considering the uncertainty of psychiatric diagnosis in childhood and adolescence, all 
subjects were offered diagnostic reassessment after 2-3 years and after the age of 18.  
 
Results  
 
Soft signs 
Soft sign deviations and differences between the groups are shown in Table 1. Both the 
ADHD-C group and the ADHD-C+BD group had significantly more total soft signs than the 
BD group, also when excluding BP-NOS from the analysis. Deviations in finger opposition 
were most frequent in all groups, but significantly higher in ADHD-C and ADHD-C+BD 
than in BD. The most specific sign in ADHD-C was oculomotor function, but the sensitivity 
of this soft sign was rather low. There were no significant differences between the ADHD-C 
and ADHD-C+BD groups.   
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Motor age tests 
Median motor age percentiles and differences between the groups are shown in Table 2.  The 
ADHD-C group performed significantly worse than the BD group on all tests except tempo. 
The ADHD-C+BD group performed significantly worse than the BD group on all tests except 
dynamic coordination and tempo.  
When the BP-NOS patients were excluded from the analysis (renaming the BD groups BDx  
and ADHD-C+BDx), the ADHD-C group performed significantly worse than the BDx group 
on all tests except tempo and simultaneous movement. Median motor age percentiles 
remained significantly lower in the ADHD-C+BDx group compared to the BDx group on 
total motor age and static coordination.  
There were no significant differences between the ADHD-C and the ADHD-C+BD or 
ADHD-C+Bx groups.   
 
Diagnostic accuracy 
Sensitivity, specificity, and predictive values of soft signs in predicting ADHD-C diagnosis 
(with or without BD) are shown in Table 3.  
Using ROC curves we found that a static coordination percentile below or equal to 7.5 was 
the best motor age predictor for ADHD-C diagnosis (with or without BD). The sensitivity of 
the other motor tests was too low to be used as signs of ADHD-C (Table 4), although 
differences between the ADHD-C and no ADHD-C groups were statistically significant in all 
tests except tempo.  
 
Confounding comorbidity? 
Because anxiety disorders may be associated with postural instability [39,40], we compared 
the differences in comorbidity of these disorders.  Concurrent anxiety disorders (lifetime 
separation anxiety, generalized anxiety disorder, specific phobia, agoraphobia, panic disorder 
or post traumatic stress disorder) were found in all groups (ADHD-C 27%, ADHD-C+BD 73 
%, BD 57%, χ2(2,n=64) = 9.14, p= 0.01). These differences persisted when excluding BD-
NOS from the analysis (ADHD-C+BD 80%, BD 56%, χ2 (2,n=47) = 6.47, p= 0.037). 
In this study we compared the three groups ADHD-C, BD and comorbid ADHD-C and BD. 
In the BD group, most subjects reported considerable attention problems; of which ten 
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fulfilled the diagnostic criteria of ADD. Because some studies indicates that motor deficits are 
particularly prominent in ADD [7], we moved the ten ADD+BD subjects to the ADHD-
C+BD group, renaming it the ADHD-C/ADD+BD group (n=25). The remaining BD was 
named the BDr group (n=13). When we repeated the analysis, the same differences remained 
with few exceptions: The difference between the ADHD-C and the BDr group was now 
significant only on total soft signs (χ2(1,n=39) = 17.55, p < 0.000) and finger opposition 
(χ2(1,n=39) =8.667, p= 0.003). The ADHD-C  group performed significantly worse than the 
ADHD-C/ADD+BD group on total soft signs (χ2(1,n=51) = 6.297, p= 0.012), jump on one leg 
(χ2(1,n=51) =5.790, p=0.016) and finger opposition (χ2(1,n=51) = 3.878, p= 0.049). There 
was no change in significant differences between the groups on the motor tests.    
 
Reported motor problems and NUBU 
Caregiver-reported motor problems (from KSADS) and total motor age percentile was only 
weakly negatively correlated (Spearman’s rho = -0.259, n=63, p= 0.027). There were no 
differences in soft signs between those who reported motor problems and those who did not 
(44.4% versus 41.3%).   
 
Confounding medication?  
Nine subjects in the BD or ADHD-C+BD groups were on eleven mood stabilizers or 
antipsychotics, although these were not taken on the test day (four on lamotrigine, two on 
valproate, three on lithium, and two children on aripiprazole).  The medication group had 
significantly lower total motor age percentile (median=18 versus 75, U= 51, Z= -2.73, 
p=0.006), simultaneous movement percentile (median = 1 versus 85, U=43, Z= -3.026 p = 
0.02) and hand-eye coordination percentile (median= 28 versus 72, U = 70.5, Z= - 2.064, 
p=0.038) than the non-medicated BD group. No other significant differences between the 
medication and the no medication group were found.  
 
Discussion  
To our knowledge, this is the first report comparing motor skills and soft neurological signs in 
subjects with ADHD and BD. 
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Firstly, we found that neuromotor deviations may be used as a possible sign of ADHD-C, 
thus aiding the differential diagnosis of ADHD-C and BD. Secondly, neuromotor deviations 
in ADHD-C+BD may be due to ADHD-C and thus indicating that ADHD-C in paediatric BD 
is a phenotypic copy of ADHD-C in non-BD patients.  
Including ADD in the ADHD-C+BD group reduced the differences between the ADHD-
C/ADD+BD and BD groups, indicating that the attention deficit is associated with BD 
mainly, and not with concurrent inattentive subtype of ADHD. 
Caregiver-reported motor problems were only weakly correlated with neuromotor deviations 
in this study. We therefore assumed that our findings might be due to ADHD-C and not 
solely to concurrent DCD, whose diagnostic criteria require reduced motor performance 
relative to age in daily activities.  
The most prevalent soft sign in ADHD-C was deviations in the complex task finger 
opposition. This test requires motor timing and inhibition, which are consistently found 
abnormal in ADHD [41].  Although significantly lower, deviant finger opposition was also 
frequent in BD (Table 1), unrelated to medication. This is consistent with impaired sequential 
motor performance reported in BD subjects [23,24].  Moreover, some of the attention deficit 
symptoms in BD may be correlated with ADHD and thus may contribute to the soft signs 
noted. 
Balance problems in ADHD are confirmed in several studies, but are also common in many 
other disorders, often associated with cerebellar dysfunction. Cerebellar abnormalities have 
been reported in several neuroimaging studies of ADHD [19,42]. In a study of youths with a 
bipolar parent, reduced performance on “standing heel-to-toe” and “standing on one foot with 
eyes open”, was interpreted as cerebellar ataxia [43].  These findings may be markers of 
ADHD as well, because of increased prevalence of ADHD in relatives of BD patients  [1]. 
Other symptoms of cerebellar dysfunction in youths at risk for BD were not confirmed in that 
study. In our study, the most specific soft signs in ADHD-C were oculomotor problems 
suggestive of cerebellar dysfunction (Table 1). However, cerebellar dysfunction may also be 
associated with schizophrenia and perhaps with prolonged excessive anxiety states [19]. In 
our study, anxiety disorders were most frequent in BD, thus did not contribute to more 
balance problems in those with ADHD-C diagnosis. A study reported balance problems in 
social anxiety and in ADHD, but not in other psychiatric disorders in childhood. In that study 
ADHD was also correlated with both balance problems and hand dexterity problems [39]. 
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This is consistent with our findings; balance problems may be suitable as a marker for 
ADHD-C versus BD in combination with “cerebellar” soft signs or hand dexterity problems.  
Some patients with ADHD-C scored above the 7.5th percentile on static coordination and in 
the normal range for soft signs. This may be an expression of  the variability of performance 
reported in the ADHD literature suggesting different pathways involved in the disorder [22].   
Compared to other studies, we found more motor difficulties in the ADHD group. Firstly, we 
only included ADHD combined subtype.  Secondly; it may be that ADHD patients actually 
have specific motor deviations, but most test batteries are not specific enough to uncover 
these. The test battery often used in diagnosing DCD; the Movement Assessment Battery for 
Children  [44], scores dynamic and static balance together, and manual dexterity tasks 
together; which may account for the different findings. The fact that parent-reported motor 
problems were not associated with soft signs or motor age percentiles supports the 
assumption that NUBU might be more suitable to uncover motor deficits in ADHD than 
certain other test batteries. However, NUBU is a general motor test battery which is not 
designed for the specific problems often observed in ADHD and can not be used as a 
diagnostic test alone.  
The motor tests in NUBU are time consuming and require special equipment and are 
therefore cumbersome in everyday clinical work.  However, the demonstration of soft signs 
requires no special equipment and is far less time consuming. Considering the high positive 
predictive value of total soft signs, their demonstration may add diagnostic accuracy for 
ADHD. 
 
Limitations 
This study is based on a convenient and small sample, limiting a generalization of the 
findings. 
Because of uncertain validity of the BD diagnosis in young patients, the findings in BD 
should be interpreted carefully. Including BD-NOS increases the uncertainty. However, the 
results mainly remained unchanged when excluding BD-NOS from the analysis.  The 
diagnosis ADD also causes problems; in some cases the symptoms may be due to BD, and in 
other cases they may be due to the inattentive subtype of ADHD.  It is also reasonable to 
presume that the main investigator improved her proficiency diagnostic assessment during the 
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data collection period. These diagnostic uncertainties will be considered in an ongoing follow 
up study (diagnostic reassessment after 2-3 years and after the age of 18).   
A weakness of NUBU is the contribution of subjective judgement in scoring. Thus, the lack 
of blinding may have contributed to the high prevalence of neuromotor problems among 
ADHD-C patients in this study. Yet, the highly significant differences between the groups 
and the high inter-rater reliability between the raters in this study rule out the possibility that 
bias rating alone explain the results.   
 
Conclusions  
This study indicates that an age standardized neuromotor test battery may contribute to 
diagnostic accuracy in differentiating between early onset BD and ADHD-C in clinical 
practice. It may also contribute in evaluating whether ADHD symptoms in children who have 
BD reflect symptom overlap or real comorbidity. This may have considerable implications 
for everyday clinical work, because the soft sign  tests can be carried out in any child and 
adolescent unit or family practice. Specific test batteries should be designed to detect the 
specific motor problems in ADHD[45].  Further studies are needed with a blinded design, 
larger samples and a more homogenous BD group.  
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Tables 
 
Table 1: Soft signs deviations; differences between groups including and excluding 
BP-NOS 
Mean soft sign 
deviations below the 
15th percentile 
A 
n=26 
AB 
n=15 
B 
n=23 
ABx 
n=5 
Bx 
n=16 
A vs B 
[A vs Bx] 
AB vs B 
[ABx vs 
Bx]   
A vs AB 
[A vs ABx]  
Total  22 
85% 
11 
73% 
4 
17% 
5 
100%
3 
19% 
19.53*** 
[17.84***] 
9.67***  
[7.50***] 
n.s. 
[n.s.] 
Jump one leg 16 
62% 
6 
40% 
5 
22% 
0 
0% 
3 
19% 
6.35** 
[5.70** ] 
n.s 
[n.s.] 
n.s.      
[Fisher** ] 
Fingertip touch  5 
19% 
2 
13% 
3 
13% 
1 
20% 
2 
13% 
n.s. 
[n.s.] 
n.s. 
[n.s.] 
n.s. 
[n.s.] 
Oculomotor 8 
31% 
2 
13% 
1 
 4% 
0 
0% 
0 
0% 
Fisher ** 
[Fisher**] 
n.s. 
[n.s.] 
n.s. 
[n.s.] 
Arms forward  5 
19% 
4 
27% 
1 
 4% 
1 
20% 
0 
0% 
n.s. 
[n.s.] 
n.s. 
[n.s.] 
n.s. 
[n.s.] 
Walk heel-toe  7 
27% 
6 
40% 
4 
17% 
2 
40% 
2 
13% 
n.s 
 [n.s.] 
n.s. 
[n.s.] 
n.s. 
[n.s.] 
Speech 5 
19% 
3 
20% 
2  
 9% 
1 
20% 
1 
6% 
n.s. 
[n.s.] 
n.s. 
[n.s.] 
n.s. 
[n.s.] 
Stand one leg  14 
54% 
7 
47% 
7 
30% 
3 
20% 
4 
25% 
n.s. 
[n.s.] 
n.s. 
[n.s.] 
n.s. 
[n.s.] 
Diadochokinesis 12 
46% 
5 
33% 
4 
17% 
1 
20% 
4 
25% 
n.s. 
[n.s.] 
n.s. 
[n.s.] 
n.s. 
[n.s.] 
Cutting circle   3 
13% 
4 
27% 
1 4% 1 
20% 
1 
6% 
n.s. 
[n.s.] 
n.s. 
[n.s.] 
n.s. 
[n.s.] 
Fog’s test  14 
54% 
7 
46% 
7 
30% 
3 
60% 
6 
38% 
        n.s.           
       [n.s.] 
n.s.         
[n.s.] 
n.s.          
[n.s.] 
Finger opposition 22 
85% 
12 
80% 
8 
35% 
3 
60% 
7 
45% 
10.75*** 
[5.95**] 
5.74**     
[n.s.] 
n.s.          
[n.s.] 
Values in number and percent. A=ADHD-C, B=BD, AB=A+BD, Bx=BD excluding BP-NOS, ABx=A+Bx. # 
Two-tailed Chi square/Fisher, df=1, ***p<0.01, **p<0.03, *p<0.05, n.s.=nonsignificant.  Number and 
percentage refers to those with performance inferior to 85% of the normally developing children.  
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Table 2: Median motor percentiles; differences between groups including and 
excluding BP-NOS. 
 Median, range Pairwise comparisons 
Motor tests  
A vs. AB  
vs. B # 
A 
n=26 
 
AB 
n=15 
 
B 
n=23 
 
ABx 
n=5 
 
Bx 
n=16 
 
A, B 
[A, Bx] 
U,z,p ¤ 
AB, B 
[ABx, Bx]  
U,z,p ¤ 
A, AB 
[A, ABx] 
¤ 
Total age 
χ2=11.53*** 
19 
1-96 
6 
1-88 
88 
18-
100 
6 
1-75 
73 
18-
100 
93.5, 
 -0.1*** 
[83.0, 
-3.24***] 
50.5, 
 -3.65*** 
[14.5, 
 -2.11*] 
n.s. 
[n.s.] 
Static 
coordination 
χ2=12.66*** 
4 
1-72 
1 
1-99 
63 
1-100 
1 
1-6 
70.5 
1-100 
114.0,  
-3.75*** 
[93.5, 
 -.03***] 
48.5,  
-3.80*** 
[10.0, 
-2.53**] 
n.s. 
[n.s.] 
Eye-hand 
coordination 
 χ2= 4.77***  
18.5 
1-99 
26 
1-94 
88 
75-97 
89 
1-94 
76 
2-100 
155.0,  
-2.89*** 
[120.0, 
-2.29**] 
89.9,  
-2.50** 
[n.s.] 
n.s. 
[n.s.] 
Dynamic 
coordination 
χ2= 6.01* 
60.5 
1-99 
85 
1-99 
87.5 
1-99 
88 
75-
97 
88 
1-100 
163.0,   
-2.54** 
[111.5, 
-0.27**] 
n.s. 
[n.s.] 
n.s. 
[n.s.] 
Tempo   
 n.s.  
42 
1-
100 
83 
1-
100 
88 
1-95 
83 
1-96 
87.5 
1-100 
n.s. 
[n.s.] 
n.s. 
[n.s.] 
n.s. 
[n.s.] 
Simultaneous  
χ2 = 2.23** 
55 
1-
100 
13 
1-95 
83 
1-100 
28 
1-94 
66 
1-100 
198.0, 
-2.01* 
[n.s.] 
89.0,  
 -2.51** 
[n.s.]. 
n.s. 
[n.s.] 
A=ADHD-C, AB=ADHD with BD, B=BD, ABx =ADHD with BD excluding BP-NOS, Bx=BD 
excluding BP-NOS. # Kruskal-Wallis Test df=2,  ¤ Mann-Whitney U  test df=1,  ***p<0.01; 
**p<0.03, *p<0.05, n.s = nonsignificant 
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Table 3 - Sensitivity, specificity, PPV and NPV for soft signs 
in predicting ADHD-C N=41, versus no ADHD-C N=23 
Soft signs  Sens. % 
C.I. 
Spes, % 
C.I. 
PPV,% 
C.I. 
NPV, % 
C.I. 
Total  81 72-86 83 68-92 89 80-95 70 58-79 
Jump on one leg 54 45-60 78 62-90 82 68-91 49 39-56 
Fingertip touch  17 10-22 87 75-95 70 42-89 32 32-41 
Oculomotor  24 18-26 96 83-99 91 65-98 41 36-42 
Arms forward  22 15-24 96 83-99 90 63-98 41 36-42 
Walk heel-toe  32 24-37 83 68-93 77 57-90 40 33-45 
Speech 20 13-23 91 79-98 80 52-94 39 34-42 
Stand on one leg  51 42-59 70 53-85 75 62-86 44 34-53 
Diadochokinesis 42 33-47 83 67-93 81 65-92 44 36-59 
Cutting circle   17 11-19 98 85-99 88 56-98 39 35-41 
Fog’s test 51 42-59 70 53-83 75 62-86 44 34-53 
Finger opposition  83 74-89 68 52-80 83 74-89 68 52-80 
sens = sensitivity, spes. = specificity, PPV = positive predictive value, 
NPV= negative predictive value. 95% C.I.= 95% confidence interval  
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Table 4  - ROC-analysis of motor percentiles based on ADHD-C versus no ADHD-C 
Motor  
Percentile 
Area under  
curve, C.I.  
Cut  
perc. 
Sens %  
C.I. 
Spec % 
  C.I. 
PPV% 
C.I. 
NPV %  
C.I. 
Total motor   
age*** 
.836  
.737 - .936 
14.0 44  
37-44 
100 
88-100 
100  
85-100 
50 
44-50 
Static   
coordination** 
.820 
.703 - .937 
 7.5 76  
67-81 
83  
67-92 
87 
79-95 
66 
 53-73 
Hand-eye 
coordination** 
.734 
.610 - .858 
14.5 44  
36-49 
91  
77-98 
90 
74-97 
48  
40-51 
Dynamic 
coordination**  
.668 
.531 - .804 
15.5 24  
18-26 
96  
83-99 
91 
65-98 
42  
36-43 
Tempo .639  
.502 - .775 
16.5 38 
32-41 
96 
82-99 
94  
76-99 
47  
40-49 
Simultaneous  
movement** 
.693  
.553 - .834 
12.0 34 
26-39 
87 
72-95 
82  
63-94 
43 
35-47 
Area under the curve and suggested cut-off percentiles with and corresponding sensitivity, 
specificity, positive predictive value and negative predictive value in predicting ADHD-C 
N=41 versus no ADHD-C N=23. C.I. =  95% confidence interval, Cut perc. = cut-off 
percentile, sens = sensitivity, Spec = specificity, PPV = positive predictive value, NPV = 
negative predictive value***p<0.01; **p<0.03, *p<0.05 null hypothesis: true area = 0.5.  
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7.3 Paper III 
 
Executive deficits in early onset bipolar disorder compared with ADHD: 
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Abstract 
 
Background 
Executive deficits are reported in both early onset bipolar disorder (BD) and attention-deficit 
hyperactivity disorder (ADHD). Controversies regarding comorbidity and symptom overlap 
have complicated research on this topic. 
Aims 
To explore executive dysfunctions and their association with processing speed and a history 
of psychotic symptoms in BD compared with ADHD. 
Method 
Executive function and processing speed in youths with ADHD (n=26), and BD with (n=10) 
and without (n=14) a history of psychosis were compared with controls (n=69). Comorbid 
ADHD and BD patients were excluded.  
Results 
BD with a history of psychotic symptoms and ADHD demonstrated executive impairments. 
The BD-nonpsychotic group was impaired only with regard to processing speed. Processing 
speed adjustment improved working memory and normalized interference control.  
Conclusions 
Some aspects of executive problems appear speed-related. Executive deficits in BD may be 
determined by a history of psychotic symptoms. 
 
Declaration of interest: 
None. 
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Hypomania and mania in BD share symptoms with ADHD (distractibility, excessive talking, 
increased activity, and impulsivity), perhaps due to some shared cognitive deficits. Though 
mood symptoms are specific to the BD diagnostic criteria, mood instability is a commonly 
associated feature of ADHD.1 The specific episodic course of BD may also be difficult to 
discern in early onset BD, which generally has a more chronic course and more cognitive 
problems compared with later onset BD,1 probably caused by immature prefrontal circuitries 
for affect regulation and cognitive control. Prefrontal brain regions sub-serving cognitive and 
behaviour control (executive functions) undergo substantial development during late 
childhood and adolescence. Developmental disturbances in these regions are probably 
implicated in both ADHD and BD,2 consistent with the executive difficulties described in both 
disorders.3 Executive function has been defined as ‘the ability to maintain an appropriate 
problem set for attaining future goals’,4 and associations between executive deficits and 
academic impairment are reported in both ADHD and BD.5 6 Controversies regarding the 
differential diagnosis between ADHD and BD have complicated research on the topic,7 and 
very few studies have examined cognitive function in BD without ADHD. A direct comparison 
of these two groups may reveal differences in executive function that could assist in their 
differentiation. In this context, it is interesting that cognitive dysfunction in BD may be 
associated with a history of psychotic symptoms,8 9 and that some aspects of executive 
dysfunction in BD may be related to processing speed.10 In the present study, we compared 
executive function and processing speed in youths grouped as pure ADHD, pure BD (with 
and without a history of psychotic symptoms) and controls. We hypothesized that executive 
difficulties in BD are most pronounced in those with a history of psychotic symptoms, and 
are also more speed-dependent than are executive dysfunctions in ADHD. 
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Method 
 
Clinical participants 
Thirty-five clinical participants were recruited from general out-patient child and adolescent 
psychiatry units in Norway from December 2004 to January 2009. If BD was suspected, the 
patient was evaluated in further assessment; of 232 who underwent further assessment. Of 
these, 34 participants were included in the present study (ADHD: n = 15, BD: n = 19). 
Seventeen patients were referred from another unit as potential study participants; of these, 
5 (all with BD) were included. An additional 18 patients (all with suspected ADHD alone) 
were selected from other referred patients to optimize age and gender matching; of these, 
11 ADHD participants were included. The remaining assessed patients did not meet the 
inclusion criteria (n = 192), met the exclusion criteria (n = 19) or did not wish to participate (n 
= 6). 
   Inclusion criteria were as follows: aged 6–19 years and fulfilled the DSM-IV criteria11 for 
either 1) ADHD combined type (ADHD–C; DSM–IV 314) or 2) BD. BD was categorised as BD–I 
(DSM–IV 296–7), BD–II (DSM–IV 296.89) or BD–NOS. BD–NOS was defined according to the 
COBY criteria as ‘A distinct period of abnormally elevated, expansive, or irritable mood plus 
the following: (1) 2 DSM–IV manic symptoms (3 if the mood is irritability only) that were 
clearly associated with the onset of abnormal mood, (2) a clear change in functioning, (3) 
mood and symptom duration of a minimum of 4 hours within a 24-hour period for a day to 
be considered meeting the diagnostic threshold and (4) a minimum of 4 days (not 
necessarily consecutive) meeting the mood, symptom, duration, and functional change 
criteria over the subject's lifetime, which could be two 2-day episodes, four 1-day episodes, 
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or another variation’.12 Cyclothymic disorder (DSM–IV 303.13) was also included in this 
group.  
Exclusion criteria were comorbid ADHD–C and BD, mental retardation according to DSM–IV 
and as a sequel to brain injury. 
 
Diagnostic assessment 
The participants and their primary caretaker were assessed at a semistructured interview 
based on the Schedule for Affective Disorders and Schizophrenia for School-Age Children - 
Present and Lifetime Version (KSADS–PL).13 All interviews were administered by a trained 
psychiatrist (first author). The KSADS–PL includes an unstructured interview that reviews 
lifetime history and course of symptoms, and a semistructured diagnosis-specific interview 
with impairment ratings to facilitate the determination of caseness. The taped interviews, 
supplied with condensed anamnestic information, were validated by a child and adolescent 
psychiatrist. Inter-rater agreement (kappa) was 1 on BD and 0.87 on ADHD–C. Further 
information was obtained from each child’s school (via information from the teacher and in-
class observation by a clinician). Information regarding lifetime comorbidities, symptoms and 
reading/language problems was based on information from the KSADS-PL. The final 
diagnosis was based on the K–SADS–PL interview and all available clinical information in a 
discussion with the main researcher (first author) and an experienced child psychiatrist (last 
author). 
 
Assessment of psychotic symptoms 
Lifetime presence or absence of psychotic symptoms was also assessed by the diagnostic 
interview. A history of state-dependent psychotic symptoms was defined as the presence of 
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at least one symptom of hallucination or delusion during a manic or a depressive episode. A 
history of state-dependent psychotic symptoms was reported in 10 BD patients (hereafter 
named the BD-psychosis group). The BD-psychosis group was significantly older and 
reported more comorbid drug abuse compared with the BD group with no history of 
psychosis (hereafter named the BD-nonpsychosis group). The strikingly high degree of 
psychotic symptoms in our BD sample may reflect the number of seriously ill BD patients in 
our sample who were referred from various child and adolescent outpatient units, and also 
the fact that the psychotic symptoms was reported retrospectively, so that drug related 
psychotic symptoms and false perceptions may have been interpreted as psychotic mood 
episodes. 
Medication, stress and mood symptoms  
When possible, initiation of medication was delayed until after the diagnostic and 
neuropsychological assessment. Otherwise, medication was discontinued for a minimum of 
five times the elimination half-life before neuropsychological assessment, except for mood 
stabilizers in four patients (lithium, lamotrigine, valproate, valproate + aripiprazol), although 
these were not taken on the test day. 
Serum-cortisol was measured the morning of the test day because it can affect test 
performance.14 The neuropsychologist reported hypomanic and depressive symptoms 
according to the following scale: (1) no mood symptoms, (2) some mood symptoms, (3) 
mood symptoms affecting the validity of the results. Some mood symptoms that probably 
did not affect the validity of the results were reported in one ADHD–C patient and in seven 
BD patients. 
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Control participants 
Sixty-nine controls were recruited from three secondary schools and one junior high school. 
All controls attended regular school classes with normal grade levels and had no known 
learning problems or psychiatric disorders. Exclusion criteria in the control group were 
evidence of organic brain disease or any head injury with resulting unconsciousness. The 
parents were asked to confirm that the control children were not using medication, were 
not receiving treatment from child and adolescent psychiatric services, had not been 
diagnosed with a learning disability, and were not currently receiving any form of special 
tutoring or education. Controls were not assessed by a diagnostic interview, but the teachers 
and parents completed the Achenbach scales as a measurement of DSM–IV-oriented 
symptoms.15 T-scores greater than 60 revealed evidence of a problem. Affective problems 
were reported in seven children by parents and in three children by teachers. Anxiety 
problems were reported in four children by parents and in four children by teachers, and 
ADHD problems were reported in three children by parents and in four children by teachers. 
 
Rating scales 
Parents and teachers of both the clinical and control participants completed the ASEBA 
checklists, designed to evaluate children’s behavioural and emotional functioning.15 Parents 
of clinical participants also completed the Parent General Behaviour Inventory 10-item 
bipolar scale for bipolar symptoms exhibited within the past year, each graded from 0 to 3.16   
Characteristics of the clinical and control samples are presented in Table 1. Similarities are 
observed in checklist-rated symptoms between the clinical groups, with few exceptions (the 
BD-nonpsychosis group had significantly better scores for academic ability than the ADHD-C 
and BD-psychosis groups, the BD-psychosis group was significantly more impaired than the 
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ADHD-C group on parent-reported internalizing problems and the ADHD–C group had less 
parent-reported bipolar symptoms (PGBI–10) than both BD groups). 
 
Neuropsychological assessment 
All clinical participants completed an IQ-test: the Wechsler Intelligence Scale for Children 
(WISC–III) or for Adults (WAIS–III, from age 16).17,18 In the control group, IQ was estimated 
from scaled scores from the WISC–III/WAIS–III Picture Completion and Similarities 
subtests.19 
 
Working memory 
Working memory involves holding information in the mind while performing a mental 
operation. 
   VERBAL WORKING MEMORY: Test: the Digit Span test.17 18 Task: to repeat a series of orally 
presented number sequences (of increasing difficulty), forwards and backwards. The 
backwards test is the most robust indicator of executive function. Score: number of 
sequences completed. 
   VISUOSPATIAL WORKING MEMORY: TEST: Knox Cube Test.20  The examiner taps four cubes 
in prearranged sequences of increasing difficulty. Task: to imitate the tapping pattern. Score: 
number of sequences completed. 
 
Cognitive flexibility 
Cognitive flexibility involves problem solving (goal-directed cognitive activity that arises in 
situations for which there is no immediately apparent resolution) and set-shifting (ability to 
shift cognitive strategy when needed). Test: Wisconsin Card Sorting Test (WCST) performed 
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on a personal computer.21 Task: to place 128 cards one-by-one under four stimulus cards 
according to a shifting principle (colour, shape or number) that must be deduced from scarce 
feedback from the computer (correct or incorrect). Every time the participant achieves 10 
‘right’ answers in a row, the organizing principle changes without warning. The procedure 
continues until six categories are successfully completed or until all 128 cards have been 
used. Scores: PROBLEM SOLVING ABILITY was scored by percent conceptual-level responses 
(three or more correct card placements in a row; believed to reveal insight into the correct 
card-sorting principle); SET-SHIFTING ABILITY was scored by percent perseverative errors. 
 
Inhibition 
Inhibition can be categorised into three interrelated 20processes:22 inhibition of an initial 
response, inhibition of an ongoing response and inhibition of interfering stimuli.  
  INHIBITION OF INITIAL RESPONSE: Test: Children’s Checking Task.23 Task: to circle numbers 
on the page if they differ from the numbers that are read on the recording. Score: errors of 
commission. 
   INHIBITION OF ONGOING rESPONSE: Test:: Conners’ Continuous Performance Test–II.24 
Letters appear on the screen at unequal intervals. Task: to press the button every time a 
letter other than X appears. Score: errors of commission. 
   INHIBITION OF INTERFERING STIMULI (INTERFERENCE CONTROL): Test: Stroop Color–Word 
Naming Test.25 Task: to avoid reading the word and instead name the ink colour in which the 
word is written. Score: number per 45 seconds. This task should be interpreted within the 
context of processing speed; in the present study, Stroop C was used as a covariate in 
analyses. 
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Processing speed 
Executive function may depend on efficient processing speed 26. 
   VERBAL PROCESSING SPEED: Test: Stroop Word-Naming: to read the colour names. 
   NONVERBAL PROCESSING SPEED: Test: Stroop Color-Naming: to name the colours. 
Task and Scores: correct answers per 45 seconds. 
 
Ethics 
The Regional Committee of Medical Research Ethics in Southern Norway and the Norwegian 
Social Science Data Service approved the study. Participants and caregivers were given 
verbal and written information regarding the study. Caregivers and children aged ≥12 years 
gave written consent and younger children gave oral consent. The study was carried out in 
accordance with the principles of the Helsinki Declaration. 
 
Statistical analysis 
All statistical analyses were performed using SPSS software for Windows version 16 (SPSS 
Inc., Chicago, II). Two-sided alpha levels of p<0.05 were used to determine statistical 
significance. 
   Test data were analysed using generalized linear models. The generalized linear model is 
an extension of the linear modelling process that enables models to be fit to data that follow 
probability distributions other than a normal distribution (e.g., Poisson distribution) and that 
allows for relaxation of the requirement for equality of variances that is required for 
hypothesis tests in traditional linear models. We analysed the raw scores with covariates of 
age and gender. Pair-wise post-hoc analyses were performed with sequential Bonferroni 
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adjustments because we considered simple Bonferroni correction too conservative for the 
multiple groups in the present study 27. 
   To explore the effect of processing speed on executive performance, the analyses were 
repeated with Stroop Color-Naming added as a covariate.  
   Because most of the clinical group differences were considered illness specific, they were 
not entered as covariates in the neurocognitive comparisons (Table 1), but follow-up 
regression analyses explored the impact of mood symptoms and medication on the main 
findings. The effect of estimated IQ was also explored in follow-up regression analyses. 
 
Results  
 
Performance on the neuropsychological measures and comparisons between the clinical and 
control groups are presented in Table 2a. Speed-adjusted performance and comparisons are 
presented in Table 2b. The BD-psychosis group and the ADHD–C group were both 
significantly impaired in measures of working memory, cognitive flexibility, interference 
control and processing speed. There were no significant differences between the ADHD–C 
and the BD-psychosis groups. The BD-nonpsychosis group was significantly impaired only in 
the measure of processing speed. 
 
Effects of speed adjustments 
Interference control difficulties were solely an effect of processing speed in all clinical 
groups. Working memory difficulties were also related to processing speed; however, 
visuospatial difficulties in the BD-psychosis group remained significantly impaired after 
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adjusting for processing speed. Speed adjustments had a negligible effect on WCST 
impairment in the ADHD–C and BD-psychosis groups. 
 
Removing participants with a diagnosis of BD–NOS from the sample revealed more 
pronounced deficits in the remaining BD–I/BD–II group, and also a significant impairment on 
digit span in the BD-nosnpsychosis group. Otherwise, significant differences between the 
groups did not alter. 
 
Mood symptoms, medication during testing and estimated IQ did not significantly affect any 
of the ANCOVA models.  
 
Discussion 
 
We detected executive impairments in both ADHD–C and BD; however, in BD these were 
associated with a history of psychotic symptoms. The BD-nonpsychosis group was only 
impaired on the measure of processing speed. This result is in agreement with the findings 
of Simonsen et al in adults with BD,9 who reported that BD- patients with a history of 
psychotic episodes showed similar cognitive dysfunction to that observed in schizophrenia, 
whereas those with no history of psychotic symptoms were impaired only on the measure of 
processing speed. A recent meta-analysis found that youths with BD suffer from cognitive 
deficits that are milder but similar to those observed in early onset schizophrenia.28 This 
finding may indicate that executive deficits in early onset BD are a marker of a serious 
subtype of BD that is related to schizophrenia.  
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   We found insignificant executive differences in the groups. The ADHD–C group was 
numerically the most impaired on verbal working memory and verbal processing speed. The 
BD-psychosis group was numerically the most impaired on cognitive flexibility and 
interference control; however, the latter was an effect of low processing speed. To some 
degree, these findings confirm those previously reported in a review of executive difficulties 
in paediatric BD and ADHD; working memory difficulties and verbal fluency may be more 
specific to ADHD, while deficits in set-shifting capacity, planning and interference control 
may be more specific to BD.3 In the present study, we found no significant differences 
between the ADHD-C and BD groups; therefore, executive differences cannot assist in their 
differentiation. Nonetheless, an understanding of cognitive abnormalities in youths with BD 
and ADHD–C can inform our understanding of the neurobiological systems that are 
disrupted by these disorders, and also facilitate tailored educational strategies in affected 
individuals. 
   We also found that some aspects of executive difficulties were related to processing speed 
in both clinical groups. After adjusting for processing speed, the ADHD–C and BD-psychosis 
groups remained significantly impaired on cognitive flexibility (WCST). Also, visuospatial 
difficulties in the BD-psychosis group survived processing speed adjustment. Visuospatial 
impairments in youths with BD has been reported by others.29 30 Interestingly, a previous 
large-scale extended pedigree study of cognitive function in BD identified measures of 
processing speed and visual working memory (and declarative memory) as candidate 
endotypes for BD,31 but the study did not include the WCST. In a longitudinal offspring study, 
Meyer et al revealed WCST impairments only in those who later developed BD.32  
   To the best of our knowledge, no previous study has investigated the effect of processing 
speed on executive functions in youths with BD and ADHD–C, despite consistent reports of 
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slow reaction time in children with ADHD and also in their unaffected siblings.33 The present 
results are supported by two BD studies in adults.10 34 The efficiency of cognitive functions 
depends on efficient processing speeds, which normally reach mature levels of performance 
during the extensive myelinisation and pruning that occurs during adolescence.2 35 Impaired 
myelinisation of prefrontal white matter tracts is found in both BD and ADHD, and may 
explain the impaired executive processing speed found in both ADHD–C and BD.36 In the 
present study, speed impairment was the most pronounced cognitive deficit in both 
disorders, and some aspects of the executive deficits were speed-related. These findings 
may improve neurocognitive understanding and education strategies, and perhaps reduce 
academic failure in youths with BD and ADHD–C. 
   Strengths of the present study were that most of the BD patients were euthymic and not 
medicated during assessment. Despite extensive recruitment, the BD sample size was, 
probably reflecting that this is a rare condition in child and adolescent age groups.37 The 
convenient and small sample, and the controversy regarding the BD subtype, limits the 
generalization of our findings; however, our results are consistent with those of other 
studies of these disorders, and removal of participants with BD–NOS did not alter the 
pattern of our results. Reports of the negative impact of executive difficulties on academic 
functioning indicate a need for a greater focus on executive difficulties in early onset 
psychiatric disorders. 
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Tables 
 
Table 1 Characteristics of the sample. Median (range) or number (percent) 
 A (n=26) Bn (n=14) Bp (n=10) C (n=68) χ(3) a Pairwise 
Male 14(53.8%) 2 (20.0%) 7 (70%) 31 (44.9%) 1.8 ns 
Age 12.8(11.5) 11.5 (10.9) 16.3  (11.3) 12.4 (6.8) 5.5 Bp > C 
Estimated IQ  97.5(47.5) 102.5 (27.5) 95.0 (27.5) 100.0(57.5) 2.6 ns 
Rating scales home      
PGBI-10b 6.0 (22) 11.5 (17) 20.5 (24) - 10.7* Bn, Bp > A 
School abilityc 38.5 (28) 36.5 (21) 33.0 (27) 50.0 (22) 45.8*     A, Bp < C 
Inattentiond 70.0 (31) 66.5 (25) 70.0 (21) 51.0 (20) 74.7* A, Bn, Bp > C 
Social problemd 63.5 (26) 61.5 (22) 62.5 (32) 51.0 (19) 55.4* A, Bn, Bp > C 
Internalizingd 65.5 (32) 68.0 (38) 74.0 (27) 46.0 (42) 52.1* Bp > A;   A, Bn,Bp > C 
Externalizingd  67.0 (48) 62.0 (30) 62.0 (31) 43.0 (36) 67.5* A, Bn, Bp > C 
Rating scales school      
School abilityc          42.5 (21) 55.0 (10) 39.5 (17) 53.0 (26) 35.5* A, Bp < Bn, C 
Inattentiond 63.5 (27) 62.0 (15) 64.0 (28) 50.0 (67) 65.8* A, Bn, Bp > C 
Social problemd 56.5 (30) 56.0 (20) 62.0  (8) 50.0 (24) 30.1* A, Bn, Bp > C 
Internalizingd 56.5 (37) 53.0 (27) 64.0 (28) 39.0 (29) 33.8* A, Bn, Bp > C 
Externalizingd 65.0 (45) 65.0 (26) 69.0 (32) 43.0 (26) 56.3* A, Bn, Bp >C 
State when tested      
Medication 0 0 4 (40.0%) - 11.3* Bp > A 
Depressive  1 (3.8%) 3 (21.4%) 2 (20.0%) - 3.8 ns 
Hyppomanic 0 0 3 (30.0%) - 8.0* Bp > A 
Cortisol  345 (941) 386 (877) 417 (1150)  0.6 ns 
Lifetime symptoms and  diagnoses     
Anxietye 6 (23.1%) 8 (51.1%) 5 (50.0%) - 5.3 ns 
PTSDf 3 (11.5%) 3 (21.4%) 0  2.2 ns 
Tic Disorder 3 (11.5%) 2 (20.0%) 5 (35.7%)  2.7 ns 
Drug abuse  2  (7.7%) 0 2 (20.0%) - 2.8 ns 
Readingg 8 (30.8%) 3 (21.4%) 4 (40.0%) - 1.0 ns 
 Values in median (range) or number (percentages). A=ADHD combined type. Bp=Bipolar disorder with a history of 
psychosis (BD-I, 2 BD-II. Bn=Bipolar disorder with no history of psychosis (B-I n=2, B-II n=5, B-NOS n=7). aKruskal 
Wallis or chi square test; *p<0.05. bBipolar symptoms last year, raw scores. cASEBA T score.  dASEBA inverted T-
score.  Internalizing=sub-scores on Anxious/depressed, Withdrawn/depressed and Somatic complaints. 
Externalizing=sub-scores on Rule-breaking and Aggressive behavior. eSeparation anxiety, social phobia, other 
phobia, generalized anxiety, panic disorder, obsessive-compulsive disorder. fMostly related to neglect/abuse. 
gReported from parents.  
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Table 2  Executive performance across groups.  
Estimated means (95% confidence interval); Raw scores; covariates age and gender  
 A (n=26) Bn (n=14) Bp (n=10) C(n=69) A  vs. B vs. C Pairwise (p) 
Problem solving:  
WCST % Conceptual level 
51.4 
(45.1-57.7) 
61.0 
(51.9-70.1) 
51.1 
(40.8-61.3) 
66.3 
(62.4-70.2) 
F(3,106)=6.5 
p=.000 
A < C (0.000)* 
Bn < C (0.293) 
Bp < C (0.007) 
Set-shifting: 
WCST % Perseverative errors  
17.0 
(14.7-19.4) 
15.5 
(12.0-19.0) 
18.3 
(14.3-22.2) 
13.3 
(11.8-14.8) 
F(3,107)=3.4 
p=0.019 
A  > C(0.009)* 
Bn > C (0.255) 
Bp > C (0.021) 
Verbal working memory:  
Digit Span Backward  
3.96 
(3.42-4.50) 
4.23 
(3.48-4.97) 
4.20 
(3.33-5.07) 
5.03 
 (4.66-5.37) 
F(3,97)=4.0 
p=0.010 
A < C (0.001)* 
Bn < C (0.058) 
Bp < C (0.084) 
Visuospatial working memory: 
Knox cubes Test 
21.9 
(20.4-23.4) 
22.7 
(20.5-24.8) 
19.8 
(17.5-22.1) 
24.9 
(23.9-25.8) 
F(3,112)=7.2 
p=0.000 
 A <  C ( 0.001)* 
Bn < C ( 0.064) 
 Bp < C ( 0.000)* 
Initial inhibition: 
CCT commissions  
2.52 
(1.76–3.27) 
1.27 
(0.62–1.92) 
2.0 
(0.55-3.48) 
1.78 
(1.39-2.17) 
F(3,104)=2.9 
p=0.038 
A > C ( 0.069) 
Bn < C ( 0.171) 
Bp < C ( 0.760) 
Ongoing inhibition:  
CCPT-II commissions 
24.1 
 (21.5-26.7) 
23.9 
(20.5-27.4) 
21.3 
(17.2-25.3) 
26.2 
(24.4-27.9) 
F(3,106)=1.8 
p=0.146 
A < C ( 0.192) 
Bn < C ( 0.262) 
Bp < C (0.031) 
Interference control:  
Stroop Color-word 
28.7 
(26.3-31.0) 
30.8 
(27.3-34.1) 
25.8 
(22.2-29.3) 
32.6 
(31.1-34.2) 
F(3,111)=5.1 
p=0.000 
A < C (0.005)* 
 Bn < C (0.328) 
Bp < C (0.000)* 
Verbal processing speed:  
Stroop word-naming 
63.6 
(59.1-68.2) 
69.8 
(63.2-76.4) 
69.2 
(59.9-78.5) 
81.5 
(78.2-84.7) 
F(3,111)=13.9 
p=0.000 
A < C (0.000)* 
 Bn < C (0.002)* 
Bp < C (0.016) 
Nonverbal processing speed: 
Stroop color-naming 
46.5 
(43.1-49.8) 
53.2 
(48.2-58.2) 
46.1 
(40.5-51.8) 
57.7 
(55.4-60.1) 
F(3,111)=11.6 
p=0.000 
A < C (0.000)* 
Bn < C (0.107)* 
Bp < C (0.000)* 
A=Attention-deficit/hyperactivity disorder combined type. B= Bipolar Disorder. Bp= B with a history of 
psychosis. Bn=B with no history of psychosis. C= control. WCST =Wisconsin Card Sorting Test. CCT= Childrens’ 
Checking Task. CCPT-II= Conners’ Continous Performance Test. Generalized linear models; *significant after 
Sequential Bonferroni adjustment.  
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Table 3 Speed adjusted executive performance across groups.  Estimated means (95% 
confidence interval); Raw scores; covariates age, gender and nonverbal processing speed 
  
 
A (n=26) Bn (n=14) 
Bp (n=10) 
C(n=69) A  vs. B vs. C 
Pairwise* 
Problem solving:  
WCST  % Conceptual level 
51.4 
(44.8-58.1) 
61.0 
(51.8-70.2) 
51.1 
(40.4-61.7) 
66.2 
(62.0-70.4) 
F(3,104)=4.9 
p=0.003 
A < C (0.000)* 
Bn < C (0.315) 
Bp < C (0.012)* 
Set-shifting: 
WCST % Perseverative errors  
16.8 
(14.3-19.4) 
15.5 
(11.9-19.0) 
18.0 
(13.9-22.1) 
13.5 
(11.8-15.1) 
F(3,105)=2.2 
p=0.098 
 
A > C (0.036) 
Bn > C (0.318) 
Bp > C (0.047) 
Verbal working memory:  
Digit Span Backward  
4.10 
(3.53-4.67) 
4.50 
(3.70– 5.31) 
4.42 
(3.49- 5.34) 
4.80 
(4.54-5.25) 
F(3,94)=1.6 
p=0.190 
A < C (0.025) 
Bn < C 0(.392) 
Bp < C (0.354) 
Visuospatial working memory: 
Knox cubes Test 
22.5 
(21.0-24.1) 
22.8 
(20.7-24.9) 
20.5 
(18.1-22.8) 
24.4 
(23.4-25.4) 
F(3,110)=3.1 
p=0.031 
A < C (0.057) 
Bn < C (0.189) 
Bp < C (0.004)* 
Initial inhibition: 
CCT commissions  
2.29 
(1.54–3.04) 
1.30 
(0.64–1.97) 
1.84 
(0.49-3.20) 
1.87 
(1.45-2.29) 
F(3,104)=1.4 
p=0.246 
A > C (0.333) 
Bn < C (0.138) 
Bp < C (0.969) 
Ongoing inhibition:  
CCPT-II commissions 
24.2 
(21.4-27.0) 
23.0 
(19.5-26.5) 
21.5 
(17.3-25.8) 
26.0 
(24.2-27.8) 
F(3,103)=1.5 
p=0.215 
A < C (0.312) 
Bn < C (0.132) 
Bp < C (0.065) 
Interference control:  
Stroop Color-word 
31.1 
(29.0-33.1) 
31.6 
(28.8-34.41) 
28.6 
(25.4-31.7) 
30.7 
(29.4-32.0) 
F(3,110)=0.8 
p=0.517 
A < C (0.781) 
Bn < C (0.586) 
Bp < C (0.229) 
A=Attention-deficit/hyperactivity disorder combined type. B= Bipolar Disorder. Bp= B with a history of 
psychosis. Bn=B with no history of psychosis. C= control. WCST =Wisconsin Card Sorting Test. CCT= Childrens’ 
Checking Task. CCPT-II= Conners’ Continous Performance Test. Generalized linear models; *significant after  
Sequential Bonferroni adjustment.  
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Abstract The diagnosis of early onset Bipolar Disorder (BD) versus Attention Deficit 
Hyperactivity Disorder (ADHD) presents challenges. Memory problems are frequently 
reported in BD and forgetfulness is among the criteria for ADHD. We compared youths with 
ADHD (n=26), ADHD+BD (n=15) and BD (n=23) with 69 controls on tests of memory 
(Digit span, Children’s Verbal Learning Test-II). Further analyses were performed on 
subgroups of BD. All clinical groups, including subgroups of BD, demonstrated impaired free 
recall. The BD subgroup with a history of psychotic symptoms (mainly BD-I) demonstrated 
deficit semantic organization and long-term memory. The ADHD group had normative long-
term memory, but was most impaired on working memory. The ADHD+BD group 
demonstrated both long term and working memory deficits. Further studies are needed to 
clarify the interplay between semantic organization, long-term memory and behavioral 
characteristics, including psychotic symptoms, in BD. 
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The assessment and diagnosis of and early onset Bipolar Disorder (BD) and Attention Deficit 
Hyperactivity Disorder (ADHD) present challenges. The diagnostic criteria for mania and 
ADHD overlap for symptoms of inattention, hyperactivity and impulsivity, which are core 
symptoms of ADHD (Youngstrom, Arnold, & Frazier, 2010). Thus, ADHD-symptom 
checklists do not separate ADHD from BD because they do not assess the course of the 
symptoms, which is necessary in order to discern the episodic presentation of BD from the 
chronisity of these symptoms in ADHD (Rucklidge, 2006). However, the specific episodic 
course of BD may be obscured by inter episodic instability in early onset disorder, where 
there appears to be a global delay or arrest in the development of appropriate affect regulation 
and often a more chronic course than in later onset BD (Birmaher et al., 2006; Carlson & 
Meyer, 2006). Besides, affective symptoms are features of both BD and ADHD 
(Anastopoulos et al., 2010; Skirrow, McLoughlin, Kuntsi, & Asherson, 2009) and manic 
symptoms are not uncommon in children with ADHD (Hazell, Carr, Lewin, & Sly, 2003). 
Children may be unable to accurately self-evaluate and distinguish between pretend and 
reality, and have trouble sleeping when excited, even more so in those with cognitive deficits 
as in ADHD. Thus, psychosis and manic symptoms may be difficult to evaluate in children, 
especially in those with ADHD (Carlson, 1998; Carlson & Meyer, 2006). 
   These factors may contribute to a misdiagnosis of ADHD as BD and vice versa, as well as 
artificially high comorbidity between ADHD and BD in children and adolescents  
(Youngstrom, et al., 2010). This is especially the case with the not otherwise specified 
subtype of BD (BD-NOS), and even more so in the diagnostic construct ‘Juvenile BD’ which 
includes chronic irritability rather than distinct episodes (Biederman, Klein, Pine, & Klein, 
1998). Misdiagnosis is a serious problem because it may lead to unecessary treatment with 
potentially harmful side-effects. Also, delay of appropriate treatment may be  associated with 
considerable functional impairment and morbidity in both BD and ADHD (Leboyer & 
Kupfer, 2010; Rasmussen & Gillberg, 2000).  
   Despite similar behaviour presentation, the underlying cognitive functioning may not be 
identical in the two disorders. A systematic review of neurocognitive functioning in pediatric 
BD identified the largest effect sizes for verbal declarative memory (i.e. memory of factual 
information). The percentage of comorbid ADHD in the various studies did not moderate this 
effect (Joseph, Frazier, Youngstrom, & Soares, 2008). Declarative memory deficit in BD 
includes both recall and recognition of presented word lists (Glahn et al., 2005), indicating a 
genuine verbal long-term memory deficit. Such deficits are associated with academic 
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difficulties in youths with BD (Pavuluri, West, Hill, Jindal, & Sweeney, 2009) and functional 
impairment in adults with BD (Sanchez-Morla et al., 2009), which may be limited by early 
intervention (Pavuluri, Passarotti, Mohammed, Carbray, & Sweeney, 2010). 
   Though forgetfullness is among the diagnostic criteria of ADHD, memory problems in 
ADHD have often been considered as secondary to executive deficits. Typically individuals 
with ADHD have impaired verbal recall and spared verbal recognition, contrary to what 
would have been expected with a genuine amnestic disturbance (Crocker, Vaurio, Riley, & 
Mattson, 2011; Cutting, Koth, Mahone, & Denckla, 2003; Kibby & Cohen, 2008). Working 
memory (i.e. holding information in the mind while performing a mental operation) is an 
executive function needed in unstructured tasks such as free recall. Working memory deficits 
have been reported in youths with ADHD and BD, though most consistently in ADHD (for a 
review see Walshaw et al. (2010)). 
   Some studies report that much of the memory deficit in youths with BD can be explained by 
comorbid ADHD (Henin et al., 2007; McClure et al., 2005; Rucklidge, 2006). Others reveal 
memory deficits also in those without comorbid BD (Doyle et al., 2005; Pavuluri, O'Connor, 
Harral, Moss, & Sweeney, 2006). These controversies may be due to differences in the BD 
sample studied. Glahn (2005) revealed verbal declarative memory deficit only in children 
with BD-I disorder, while children with BD-II and BD-NOS did not differ from controls. This 
might be because BD-I includes more of the psychotic subtype of BD, as verbal declarative 
memory deficits are found to be associated with a history of psychotic symptoms in adult BD 
(Martinez-Aran et al., 2008; Savitz, van der Merwe, Stein, Solms, & Ramesar, 2009; 
Simonsen et al., 2011). In a study of adolescents with early-onset psychosis (BD-I mixed or 
manic phase, schizophrenia, psychosis-NOS), participants with BD-I were impaired on 
delayed verbal recall (McClellan, Prezbindowski, Breiger, & McCurry, 2004), but that study 
did not compare with a BD group with no history of psychotic symptoms. Approximately half 
of all BD patients display psychotic features on at least one occasion, even more so in those 
with early onset BD (Tillman et al., 2008). 
 
Aims and study hypotheses  
 
The purpose of this study was to explore memory tests performance in youths with ADHD, 
ADHD-C+BD, BD and controls, with further analyses on subgroups of BD. We hypothesized 
that:  
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1) The BD group demonstrates a genuine amnesic deficit affecting all aspects of verbal 
declarative memory, most pronounced in those with a history of psychotic symptoms. 
2) The ADHD group has problems with free recall, but normal performance on the more 
structured recognition tasks.  
3) Those with concurrent ADHD and BD are impaired on both working memory and 
declarative memory, indicating true comorbidity.   
4) The different memory profiles may promote diagnostic accuracy between ADHD and BD. 
 
Method 
 
Clinical sample 
  
Inclusion criteria  
1) ADHD defined as ADHD combined type (ADHD-C; DSM-IV 314) (American 
Psychiatric Association, 2000) or 
2)  BD defined as BD-I (DSM-IV 296-7), BD-II (DSM-IV 296.89) or BD-NOS. Because the 
DSM-IV criteria for BD-NOS are vague, these were defined according to the COBY 
criteria (Birmaher, et al., 2006): “The presence of clinically relevant BD symptoms that do 
not fulfill the DSM-IV criteria for BD-I or BD-II. In addition, subjects are required to 
have a minimum of elated mood plus 2 associated DSM-IV symptoms or irritable mood 
plus 3 DSM-IV associated symptoms, along with a change in the level of functioning, 
duration of a minimum of 4 hours within a 24-hour period, and at least 4 cumulative 
lifetime days meeting the criteria”. Cyclothymic disorder (DSM-IV 303.13) was also 
included in the BD-NOS group.  
3) Concurrent ADHD-C and BD 
 
Exclusion criteria were age below 6.0 years or above 18.5 years, mental retardation 
according to DSM-IV or sequel to brain injury. 
 
Recruitment procedure: Clinical participants were recruited from a general child and 
adolescent unit in Norway from December 2004 to January 2009, 1983 patients were referred 
to the unit during this period. Whenever BD was suspected (n=232) by any of the staff, the 
patients were evaluated for further assessment, of these 51 were included. In addition, 17 
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subjects were referred from other units, of these 6 were included. Also, 18 patients with 
suspected ADHD-C only were selected from other referred patients to optimize the age and 
gender match, of these 11 were included. The remaining assessed patients did not meet the 
inclusion criteria (n=172), met the exclusion criteria (n=4) or did not wish to participate 
(n=6). Four patients did not accomplish the memory tests (n=4). Finally, 64 patients were 
included in the study: 26 with ADHD-C, 15 with ADHD-C+BD and 23 with BD (Table 1).  
 
Diagnostic assessment: Psychiatric diagnoses were assessed by a trained psychiatrist (first 
author) using the Kiddie-Schedule for Affective Disorders and Schizophrenia Present and 
Lifetime version (KSADS-PL) (Kaufman et al., 1997). Children and their parents or 
guardians were interviewed separately. KSADS-PL is a widely used semi-structured 
interview designed to facilitate DSM-IV diagnoses, including a broad medical history and a 
comprehensive diagnostic interview. It has a strong content validity because it includes 
detailed probes useful in eliciting meaningful information about present and lifetime 
symptoms. Excellent to good validity and reliability is reported (Kaufman, et al., 1997; Kim 
et al., 2004). The taped interviews, supplied with condensed medical information, were 
validated by a child and adolescent psychiatrist. Inter-rater agreement (kappa) was 1.0 on 
bipolar disorder and 0.87 on ADHD-C. Information was also obtained from the school via a 
teacher’s evaluation and in most cases school observation by a clinician. The final inclusion 
diagnoses were based on all available information obtained in a discussion with the main 
researcher and an experienced child psychiatrist (last author).  
Information regarding comorbidity was also recorded from KSADS-PL.  
 
A history of psychotic symptoms: As in a number of other studies (Rende et al., 2006; Savitz, 
et al., 2009) a history of psychotic symptoms was evaluated during the diagnostic interview.   
A history of psychotic symptoms was defined as the presence of at least one psychotic 
symptom (hallucination or delusion) during a manic or a depressive episode. Also very brief 
psychotic phenomena were counted as ‘a history of psychotic symptoms’. 
   A history of psychotic symptoms was reported in 10 BD patients and 4 ADHD-C+BD 
patients (5 during depression and 8 during mania or mixed episode). No psychotic symptoms 
were observed during assessment. The BD subgroup with a history of psychotic symptoms 
(hereafter BD-psychotic subgroup) was significantly older and reported more comorbid drug 
abuse than the BD subgroup with no history of psychosis (hereafter the BD-nonpsychotic 
subgroup): Table 1.   
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Medication: When possible, medication was delayed until after the diagnostic and 
neuropsychological assessment. Only 5 BD-I patients were diagnosed with BD and treated 
with mood-stabilizer before they were referred to the study. Medication was not discontinued 
in these patients, but not taken on the morning before the neuropsychological assessment 
(lamotrigine: n=2, lithium: n=1, valproate: n=2 and aripiprazole: n=1).  Other medication was 
discontinued for a minimum of five times the elimination half-life before testing.   
 
State: The neuropsychologist reported mood symptoms and cooperation according to the 
following “scale”: 1) no mood symptoms or cooperating problems 2) some mood symptoms 
3) mood symptoms which may affect the validity of the results. Mood symptoms were 
reported in 10 patients, of these manic symptoms might have affected the validity of the 
assessment in 2 ADHD-C+BD patients (Table 1).   
 
Controls 
 
Sixty-nine controls were recruited from three secondary schools and one junior high school. 
The inclusion criterion was attendance of regular school classes at normal grade levels 
without known learning disorder or psychiatric disorders. The parents confirmed that their 
child was not using medication, receiving treatment from child and adolescent psychiatric 
services, diagnosed with a declarative memory disability, or currently receiving any form of 
special tutoring/ education. They were not evaluated by a specific diagnostic interview, but 
the teacher and parents completed the ASEBA questionnaires (see below) which also 
measures DSM-IV oriented symptoms (Spatola et al., 2007). T-scores above 60 reveal 
evidence of a problem. Affective problems were reported from 7 parents and 3 teachers. 
Anxiety problems were reported by 4 parents and 4 teachers. ADHD problems were reported 
by 3 parents and 4 teachers. Controls were in common with another study (Egeland, Johansen, 
& Ueland, 2009). 
 
Checklist rated behavior (not used in diagnostic evaluation) 
 
Parent and school rated symptom-checklists were used for a clinical comparison of the 
sample. Symptom-checklists were not used as diagnostic tools, therefore no cut-off scores are 
provided (Table 1).  
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   Parent and teacher rated behavioral and emotional functioning were recorded from the 
ASEBA questionnaires which includes 120 behavioural items rated on a three-step scale from 
0 to 2. These are grouped in problem areas  and converted to T-scores relative to population 
norms. T-scores over-scores above 60 reveal evidence of a problem (Thomas M. Achenbach, 
1991; T. M. Achenbach, Howell, Quay, & Conners, 1991; Rescorla et al., 2007). Multivariate 
analyses have identifed two main groups of problems, designated Internalizing (anxious, 
inhibited behaviour) and Externalizing (aggressive, antisocial behaviour). The questionnaires 
are validated in a Norwegian sample (Novik, 2000).   
    The ADHD rating scales–IV are parent and teacher rated checklists each of 9 inattentive 
and 9 hyperactivity/impulsivity symptoms  graded from 0 to 3 and linked to the DSM-IV 
criteria for ADHD-C. The ratings are converted to an inattention percentile and a 
hyperactivity/impulsiveness percentile relative to population norms. Adequate psychometric 
properties for the screening and assessment of ADHD are reported (Barkley, 1990; DuPaul, 
1998; Szomlaiski et al., 2009), but no study explore the diagnostic validity for ADHD versus 
BD. There are no Norwegian norms. 
 
Insert Table 1 about here 
 
Neuropsychological tests 
 
IQ: All patients in the clinical sample completed an IQ-test, the Wechsler Intelligence scales 
(1991, 1997). In the control group intellectual capacity was estimated from the scaled scores 
of the subtests Similarities and Picture Completion from the Wechsler Intelligence Scales 
 
Working memory was determined by the Digit Span subtest from WISC-III/ WAIS-III 
(Wechsler, 1991, 1997), in which the subject repeats forwards and backwards random pairs of 
numbers read aloud. Digit Span is one of the most commonly administered and widely 
accepted index of working memory.  
 
Verbal declarative memory was assessed by the children version of Rey Auditory Verbal 
Learning test: the Children’s Auditory-Verbal Learning Test-2, in accordance with the 
professional manual (Talley, 1993). Normative data from 595 public U.S. school pupils is 
available, and the test is validated in several studies (Talley, 1993). There are no Norwegian 
norms.  
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  The task is to recall an orally presented list of 16 ordinary Norwegian words over five 
learning trials, followed by presentation and recall of a second interference list. Short- and 
long-delayed recall of the initial list is then assessed, followed by delayed recognition tests in 
which words from both lists were mixed with new words. In our study the short- and long 
delay recall were adjusted for words recalled in learning trial 5.  Because the words are 
grouped into four semantic categories in the word lists, one can assess the extent to which 
subjects use semantic strategies to recall information. Semantic clustering calculated from the 
pair of words recalled in sequence from same semantic category, adjusted for the total 
possible clustering.  
 
The tests were administered in fixed order by an experienced neuropsychologist. Analyses 
were performed on raw data because the normative data of CAVLT-II are not validated in a 
Norwegian sample (Figure 1), and because the age variance was larger in the clinical groups 
than in controls.  
 
Ethics  
 
The study was carried out in accordance with the Helsinki Declaration and approved by the 
Regional Committee for Medical Research Ethics of Southern Norway and the Norwegian 
Social Science Data Service. All the children and their caregivers were given verbal and 
written information. Caregivers and children ≥ 12 years gave formal written consent, and 
younger children gave spoken consent.  
 
Statistical analysis 
 
All statistical analyses were performed using SPSS software for Windows version 16 (SPSS, 
Chicago, IL). Significance was set at p<0.05 (two-sided).  
   Sample characteristics were analyzed using the analysis of variance (ANOVA) for the 
continuous variables, whereas categorical data were analyzed by the chi-square or Fisher’s 
exact test as appropriate.  
   Neurocognitive comparisons were explored using generalized linear models. The 
Generalized linear modeling is an extension of the linear modeling process that allows models 
to be fit to data that follow probability distributions other than the Normal distribution, such 
as the Poisson. The Generalized Linear Models relax the requirement of equality or constancy 
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of variances that is required for hypothesis tests in traditional linear models. Analyzes were 
carried out on raw scores with covariate age, gender and estimated IQ. Because we considered 
simple Bonferroni as too conservative in the present study with multiple groups, pair-wise 
post-hoc analyses were performed with sequential Bonferroni adjustments (Holm, 1979). The 
sequential method work like this: when comparing six pairs with .05 as the threshold p value 
(alpha level), the most significant of the three p values then  has to be smaller than .05/6 = 
.008 to be significant, the second most significant p value of the three has to be smaller than 
.05/5 = .010, the third most significant has to be smaller than .05/4 = .013, the fourth most 
significant has to be smaller than .05/3=0.017, the fifth  most significant has to be smaller 
than 0.05/2=0.025 and least significant has to be smaller than 0.5 to be significant. 
   Main group comparisons, 1.BD vs. ADHD-C vs. ADHD-C+BD vs. C, were followed up by 
analyses of the BD subgroups: 2.BD with and without a history of psychotic symptoms 
(hereafter named the ’BD-psychotic subgroup’ and the BD-nonpsychotic subgroup) vs. 
ADHD-C vs. C and 3.BD-I vs. BD-II/BD-NOS vs. ADHD-C vs. C. (Because the ADHD-
C+BD group was so small, this group was excluded from the analyses of subgroups of BD). 
   Because most of the clinical group differences (Table 1: state and comorbidity) were 
considered illness specific, they were not entered as covariates in the neurocognitive 
comparisons, but follow-up analyses explored the impact of these on the main findings: 
Correlation analyses (Spearman’s rho) explored whether neurocognition was associated with 
mood symptoms, medication and comorbidity across the clinical groups.        
 
Results  
 
The main clinical groups 
 
The mean estimated performance on neuropsychological tests and differences between the 
main clinical groups and controls are presented in Table 2. The ADHD-C group was impaired 
on the working memory tests and the verbal learning trials, with normative performance on 
delayed recall and recognition. The BD group was significantly impaired on most verbal 
memory tests including the recognition test, but not on working memory.  The ADHD-C+BD 
group was significantly impaired on both working memory and verbal recognition. There 
were no significant differences between the ADHD-C and the BD group. 
 
The BD-psychotic group  
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Verbal semantic organization and declarative memory impairments were most pronounced in 
the BD-psychotic subgroup (Table 3).  Though numerically impaired on all verbal memory 
tests except recognition, the BD-nonpsychotic group was significantly impaired only on the 
second learning trial.  
   
Diagnostic subgroups of BD 
 
The verbal learning differences between the diagnostic subtypes of BD were less pronounced 
than between the BD-psychotic and BD-nonpsychotic subgroups: the BD-II/ BD-NOS group 
was significantly impaired on more verbal learning trials than the BD-I group, but only the 
BD-I group was significantly impaired on the delayed recall and recognition trials (Table 4).  
 
Impact of mood symptoms, medication and comorbidity 
 
There were no significant negative correlations between main findings (defined as score on 
digit span, verbal learning trial 5 and verbal recognition) and mood symptoms, medication, 
comorbid anxiety disorder, tic disorder, drug abuse, PTSD and reading problems.  
 
Discussion 
 
This study compared memory test performance in youths with ADHD-C, ADHD-C+BD, BD 
and controls.  In a second step we compared the BD-psychotic, BD-nonpsychotic, ADHD-C 
and control groups. In a third step we compared the BD-I, BD-II/BD-NOS, ADHD-C and 
control groups. The BD group was impaired on verbal free recall (learning trials, delayed 
recall), semantic organization and recognition, indicating a genuine long-term memory 
deficit. These impairments were most pronounced in the BD-psychotic subgroup (mainly BD-
I), whereas the BD-nonpsychotic group was significantly impaired only on one of the verbal 
learning trials. The ADHD-C group was impaired on working memory and the verbal learning 
trials but demonstrated no deficit on the delayed recall trials and the recognition trial. The 
ADHD-C+BD group was impaired on both working memory and verbal recognition. Thus, 
the 3 first hypotheses were verified (1.Declarative memory deficit in BD, most pronounced in 
those with a history of psychotic symptoms. 2. Impaired working memory, but no genuine 
memory deficit in ADHD-C and 3.Both declarative and working memory deficits in ADHD-
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+BD). Because only a subgroup of the BD sample was significantly impaired on recognition, 
verbal declarative memory deficits cannot be used as a diagnostic marker for BD, and the 4th 
hypothesis about diagnostic usefulness was not verified.  
 
Findings in BD 
 
The recognition deficit in the BD-psychotic subgroup indicates a genuine declarative memory 
deficit. This subgroup also forgot more rapidly than controls (impaired delayed recall). The 
low level of semantic clustering in the BD-psychotic subgroup indicates semantic 
organization problems. Semantic organization memory refers to real-world knowledge and is 
one of the key factors in perception, executive functions and memory (Chang et al., 2011; 
Gazzaniga, 2009). Thus, a disturbed network of semantic organization can have a direct and 
lasting impact on psychosocial functioning and also be the cause of the verbal memory deficit 
in the BD-psychosis group. Inconsistent reports of semantic clustering deficit in BD (Bearden 
et al., 2006; Chang, et al., 2011; Glahn, et al., 2005) may reflect different samples studied, 
because semantic deficits in BD appears to be associated with a history of psychotic mood 
episode(s) (Kravariti et al., 2009).  
   Recognition deficit was reported previously in youths with BD-I, but not in youths with 
broader BD phenotypes (Glahn, et al., 2005; McClellan, et al., 2004). Because our BD-
psychotic subgroup comprised mostly BD-I patients and the BD-nonpsychotic subgroup 
comprised all the BD-NOS patients, there is a partial overlap between a history of psychotic 
symptoms and the diagnostic subtypes of BD. We did find that the BD-I subgroup was 
impaired on delayed recall and recognition similar to the BD-psychotic subgroup and in 
contrast to the BDII/BD-NOS subgroup. However, the BD-I subgroup was numerically less 
impaired than the BD-psychotic subgroup and was also impaired on less verbal learning trials 
than the BD -II/BD-NOS subgroup. Thus the differences between the BD-I and BD-II/BD-
NOS subgroups were less pronounced than the differences between the BD-psychotic and 
BD-nonpsychotic subgroups. (Table 3, Table 4). 
   Several studies of adults have reported worse verbal declarative memory deficits in BD 
subjects with a history of psychotic symptoms as we did (Levy & Weiss, 2010; Martinez-
Aran, et al., 2008; Savitz, et al., 2009), and also that a history of psychotic explains the 
neurocognitive variance in BD better than the BD subtypes (Simonsen, et al., 2011). This may 
indicate that a history of psychotic symptoms is a marker of a more serious developmental 
subtype of BD with more cognitive deficits, -or that memory deficit is a sequel of psychotic 
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episodes in BD. Reports of normative cognitive development pre-morbid in BD support the 
latter suggestion (Lewandowski, Cohen, & Ongur, 2011; Quackenbush, Kutcher, Robertson, 
Boulos, & Chaban, 1996), while findings of cognitive deficits in offspring studies indicated 
the presence of a more serious  neurodevelopmental subtype of BD (Maziade et al., 2009; 
Meyer et al., 2004). Also, the findings of  structural brain and neuropsychometric changes 
associated with pediatric BD with psychosis suggests that these represent a serious 
neurodevelopmental subtype of BD (James et al., 2011). 
   The high degree of a history of psychotic symptoms in our BD sample is in line with others  
(Reddy, Girimaji, & Srinath, 1997; Rende, et al., 2006; Tillman, et al., 2008), and supports 
the suggestion that early onset BD often represent severe subtype of the disorder with more 
psychotic symptoms than adult BD (Geller, Tillman, Bolhofner, & Zimerman, 2008; Pavuluri, 
Herbener, & Sweeney, 2004).  The high degree of a history of psychotic symptoms in our BD 
sample may also reflect that our sample comprised several seriously ill BD patients referred 
from other units. Besides, retrospective information of psychotic symptoms is difficult to 
evaluate in children, so that false perceptions or drug related psychotic symptoms may have 
been misinterpreted as psychotic episodes of BD (Hlastala & McClellan, 2005; Reimherr & 
McClellan, 2004). Despite no reports of psychotic symptoms outside a mood episode, we 
might also have some misdiagnosed patients with schizoaffective disorder in the BD-
psychotic group, contributing to the marked verbal memory deficit (McClellan, McCurry, 
Speltz, & Jones, 2002; McClellan, et al., 2004). Nevertheless, a recent meta-analysis found 
that individuals with pediatric BD suffer from cognitive deficits (including verbal memory), 
that are milder but similar in nature to those of patients with early onset schizophrenia (Nieto 
& Castellanos, 2011).   
   The scarce impairments in the BD-nonpsychotic group are supported by the recent adult BD 
literature (Savitz, et al., 2009; Simonsen, et al., 2011). In our study, this subgroup included all 
patients with BD-NOS which is a “maybe bipolar” category: some of these may have mood 
instability of other etiology, and some may have a BD prodrom (Glahn, et al., 2005; Sala, 
Axelson, & Birmaher, 2009). 
 
Findings in ADHD-C 
 
In line with most other studies (Martinussen, Hayden, Hogg-Johnson, & Tannock, 2005; 
Walshaw, et al., 2010), the ADHD-C group demonstrated impaired working memory. 
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The ADHD-C group’s efficient recognition indicates that their verbal recall problems (and 
also their not significant less use of semantic clustering) may be due to executive problems 
rather than a genuine declarative memory deficit (McInnes, Humphries, Hogg-Johnson, & 
Tannock, 2003).  
    However, these studies report group results, and the majority of ADHD subjects in the 
present study did not demonstrate working memory deficits, in line with most studies of 
ADHD-C (Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005). Thus, working memory 
deficits cannot be used to separate ADHD-C from BD.   
   
 Findings in concurrent ADHD-C and BD 
 
The ADHD-C+BD group demonstrated recognition deficit similar to BD and working 
memory deficit similar to ADHD-C, indicating that this group included some subjects with 
‘true’ comorbidity. This group demonstrated a pronounced recognition deficit with a 
considerable contribution from the 4 patients with history of psychotic symptoms in this 
group. These may belong to a more serious neurodevelopmental subtype of BD that is 
associated with comorbid ADHD, cognitive deficits and psychotic symptoms (Duffy, 2010).  
   However, the heterogenic performance and preponderance of BD-NOS in our comorbid 
group indicate that this group includes several disorders, some of which probably belong to an 
ADHD-C subtype with substantial mood instability (Sobanski et al., 2010) rather than a 
comorbid BD subtype. 
 
In our sample mood symptoms had no significant impact on performance. Due to the small 
sample and large intra-group variation, we cannot rule out the effect of clinical state on test 
performance.  
 
Clinical implications and further research 
    
To the best of our knowledge, this study is the first to reveal that verbal semantic organization 
and long-term memory deficits in youths with BD are characteristics of those with a history of 
psychotic symptoms, in line with the findings in adults with BD.  
   Longitudinal offspring studies are needed to clarify whether semantic and verbal long-term 
memory deficits are markers of a psychotic subtype of BD or a consequence of psychotic 
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episodes in BD, which is important in light of the poor prognosis of those with verbal 
declarative memory deficits.  
   The very low semantic clustering in the BD-psychotic group indicates that the verbal 
memory deficits may be secondary to semantic organization deficits (Sumiyoshi et al., 2001; 
Sumiyoshi et al., 2005). Semantic memory is acquired through the long term adjustment of 
massively interconnected objects of knowledge, and several cognitive domains are largely 
dependent upon a well organized network of semantic associations (Rogers et al., 2004). 
Thus, subtle impairments in semantic networks can bring about considerable changes in 
cognition and experiences, and also influence delusion formation (Rossell, 2006). Follow up 
studies may be needed to clarify the interplay between semantic organization and cognitive 
deficits, psychotic symptoms and behavioral characteristics in BD. 
   Though memory test impairments are not very useful in diagnostic work, they may lend 
insight into the neurobiological systems that are disrupted in childhood psychiatric disorders. 
When it comes to BD, this information can also potentially define endophenotypes for further 
parsing of BD. Besides, understanding cognitive abnormalities may promote tailored 
education strategies and perhaps reduce academic and functional impairment associated with 
cognitive deficits in both BD and ADHD (Martinez-Aran et al., 2007; Pavuluri, et al., 2009), 
(Biederman et al., 2004; Miller & Hinshaw, 2010; Thorell, 2007).   
 
Limitations and strengths 
 
Strengths of our study are that most of our patients were drug-free and euthymic, and we did 
account for estimated IQ. Also, young people may be more suitable for neuropsychological 
studies than adults because they are less influenced by environmental factors and illness-
related squeal, such as medication effects and drug abuse. Also, a stronger proportional 
influence of genes is hypothesized in early onset BD (Cahill, Walter, & Malhi, 2009). 
   However, the small and convenient clinical sample of the present study limits the 
generalization of our findings.  
   The considerable intra-group variation in test performance in the BD groups may be a 
reflection of the heterogeneity of these groups, but the variance was also considerable in our 
well-characterized ADHD-C group. However, variable performance is expected in ADHD-C 
because a failure to engage top-down control, depending on the reward of the task, appears to 
underlie the shifting cognitive performance in most subjects with ADHD (Casey, Nigg, & 
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Durston, 2007). Performance on neuropsychological tests is also influenced by several 
factors, including motivation, stress, and tiredness.  
   Statistical problems may have affected the results. Neuropsychological data on clinical 
groups are mostly categorical, non-parametrically distributed, and influenced by several 
moderators and covariates, which, together with our small sample, makes statistical modeling 
imperfect. This problem is common in most neuropsychological studies.  
 
Conclusions 
 
Deficit verbal declarative long-term memory deficit and semantic organization characterize 
BD patients with a history of psychotic symptoms in contrast to BD patients with no history 
of psychotic symptoms. Subjects with ADHD-C have no genuine declarative memory deficit, 
but may have problems with working memory and verbal free recall. These findings may 
guide our understanding of daily life problems and facilitate tailored educational strategies in 
youths with ADHD and BD. 
   Further studies are needed to clarify the interplay between semantic organization, long-term 
memory and behavioral characteristics, including psychotic symptoms. 
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Table 1   Characteristics of the sample: Mean (standard deviation) or number (percent) 
 A n=26 AB n=15 B n=23 Bp n=10 Bn n=13 C n=69 
Female 12 (46.2%) 7 (46.7%) 13 (56.5%) 7 (70.0%) 6 (46.2%) 38 (55.1%) 
Age 12.6 (3.7) 13.5 (3.5) 13.3 (4.0) 14.8 (3.8) 12.2 (3.8) 12.3 (1.9) 
Estimated IQ  97.8 (12.3) 101.3 (11.3) 100.1 (9.1) 96.1 (10.2) 102.9 (7.6) 99.9 (10.4) 
Mood symptom 1 (3.8%) 3 (20.0%) 7 (30.4%) 5 (50.0%) 2 (15.4%)  
ADHD rating scale-IV, percentiles; higher = more symptoms. 
P inattention   90.7 (12.4) 96.0 (4.8) 87.8 (18.3) 94.8 (4.9) 82.5(22.8) 35.8(29.4) 
P hyperactive 90.8 (11.5) 94.7 (6.1) 88.8 (15.2) 93.8 (6.4) 85.0 (18.9 38.3(30.3) 
T inattention  81.3 (14.5) 88.1(13.7) 64.8(26.6) 76.2(25.2) 56.3(25.8) 28.1(27.9) 
T hyperactive 83.4 (12.1) 86.3 (7.9) 67.8 (29.9) 71.8(35.4) 64.8 (27.1) 27.2(27.6) 
Problem profiles from the Achenbach System; T-scores; higher = more symptoms 
P Internalizing 62.8 (9.6) 65.6 (6.8) 67.1 (10.2 70.3 (9.3) 64.4(10.5) 46.9 (9.6) 
P Externalizing 65.9(10.1) 71.4 (8.5) 65.0 (10.2) 67.4(11.2) 63.0 (9.4) 43.6 (7.8) 
T Internalizing 54.6 (9.9) 59.9 (9.6) 57.9 (11.8) 64.6 (9.4) 50.4 (9.7) 43.5 (7.5) 
T Externalizing 66.6 (9.6) 68.8 (9.5) 65.0 (10.0) 67.6(10.1) 62.1 (9.8) 48.1 (7.4) 
Lifetime diagnoses or  symptoms  (from  diagnostic interview; KSADS-PL) 
Depression 5 (19.2%) 10 (66.7%) 17 (73.9%) 7 (70.0%) 10 (76.9%)  
Anxiety 1 6 (23.1%) 10 (66.7%) 12 (52.2%) 5 (50.0%) 7 (53.8%)  
PTSD2 3 (11.5%) 4 (26.7%) 3 (13.0%) 0 3 (21.1%)  
Tic  disorder 3 (11.5%) 5 (33.3%) 7 (30.4%) 3 (30.0%) 4 (30.8%)  
Drug misuse 2 (7.7%) 4 (26.7%) 2 (8.7%) 2 (20.0%) 0  
Reading 3 8 (30.8%) 4 (26.7%) 7 (30.4%) 4 (40.0%) 3 (23.1%)  
A=ADHD combined type. B=Bipolar Disorder (B-I n=10, B-II n=6, B-NOS n=7). AB=A+B (AB-I n= 
2, AB-II n=3, AB-NOS n=10). Bp=B with a history of psychotic symptoms (B-I n=8, B-II n=2. Bn=B 
with no history of psychotic symptom (B-I n=2, B-II n=4, B-NOS n=7). P=Parent. T=Teacher 
Internalizing = sub-scores on Anxious/Depressed, Withdrawn/Depressed and Somatic complaints. 
Externalizing = sub-scores on Rule-Breaking and Aggressive Behavior. 1Separation anxiety, social 
phobia, other phobia, generalized anxiety, panic disorder, obsessive-compulsive disorder. 2Mostly 
related to abuse/neglect. 3Reading or language problems reported from parents.   
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Table 2  Memory performance across the main groups  
Values in estimated mean (95% confidence interval) based on raw scores with covariate age, gender 
and estimated IQ. A = Attention deficit hyperactivity disorder combined type. B = Bipolar disorder. 
AB = comorbid A and B, C = Controls. aSignificant differences after post hoc Sequential Bonferroni 
adjustment. n.s = not significant.  
 
  
 
A 
n =26 
AB  
n=15 
B 
 n=23 
C  
n=69 
A vs. AB vs. B vs. C 
Pairwise 
comparisonsa 
Working memory 
(Digit Span) 
10.5  
± 0.9 
10.5 
 ± 1.2 
11.1 
±1.1 
12.4  
± 0.9 
F(3,124)= 6.3 p=0.001 A, AB    < C 
Verbal declarative memory (Children's Verbal Learning Test-II)  
Learning trial 1 
  5.8 
 ±0.8 
  5.4  
± 1.0 
  5.8 
 ± 0.9 
  7.2  
± 0.6 
F(3,126)= 5.9 p=0.001 A, AB, B < C 
Learning trial 2 
  7.7  
± 1.0 
  7.5  
± 1.3 
  7.6 
± 1.1 
  9.9  
± 0.8 
F(3,126)= 9.0 p=0.000 A, AB, B < C 
Learning trial 3 
  9.1  
± 1.0 
8.5 
 ± 1.2 
  9.5 
 ± 1.1 
11.2 
 ±0.8 
F(3,126)= 9.1 p=0.000 A, AB, B < C 
Learning trial 4 
  9.5 
 ± .1 
  9.1  
± 1.4 
10.0  
± 1.2 
12.2  
± 0.9 
F(3,126)=10.4 p=0.000 A, AB, B < C 
Learning  trial 5 
10.3 
± 1.1 
  9.8 
 ± 1.3 
11.0  
± 1.2 
13.0 
 ± 0.9 
F(3,126)=10.9 p=0.000 A, AB, B < C 
Semantic clustering 
  1.5 
± 1.8 
  1.7 
 ± 2.0 
  1.2 
 ± 1.5 
  3.8 
 ± 2.5 
F(3,117)= 3.3 p=0.023 B < C 
Short-time recall  
(after interference trial) 
  9.7  
± 0.8 
  9.5  
± 1.1 
  9.9 
 ± 0.9 
10.9 
 ± 0.6 
F(3,115)= 2.8 p=0.035 n.s. 
Delayed recall  
(after 20 minutes) 
10.0 
 ± 1.0 
  9.8. ± 
1.2 
10.0 
± 1.0 
11.4  
± 0.7 
F(3,125)= 3.4 p=0.020 n.s. 
Recognition  
(after 20 minutes 
29.4 
 ± 0.9 
27.2  
± 1.2 
28.7 
 ± 1.0 
30.0  
± 0.7 
F(3,126)= 7.1 p=0.000 
AB < A; 
AB, B < C 
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Table 3  Memory performance in BD with and without a history of psychotic symptoms,  
Comparisons with ADHD-C and controls.  
 Bp 
 n=10 
Bn  
n=13 
   A vs. Bp vs. Bn vs. C  Pairwise 
comparisons a 
Working Memory Digit Span 10.8 ± 1.5 11.4 ± 1.4 F(3,109)=5.2, p=0.002 A < C 
Verbal declarative memory (Children’s Verbal Learning Test-II)                   
Learning trial 1  5.5 ± 1.2  5.9 ± 1.2 F(3,111)=4.4, p=0.007  A < C 
Learning trial 2  7.5 ± 1.5  7.2 ± 1.4 F(3,111)=7.6 p=0.006,   A, Bp, Bn < C 
Learning trial 3  8.2 ± 1.3 10.4 ± 1.4 F(3,111)=8.8, p=0.000      A, Bp < C 
Learning trial 4   8.7 ± 1.3 10.7 ± 1.3 F(3,111)=13.7, p=0.000   A, Bp < C 
Learning  trial 5   9.5 ± 1.5 11.9 ± 1.4 F(3,111)=11.6 p=0.000,  A, Bp < C 
Semantic clustering   0.3 ± 0.8   2.6 ± 3.0 F(3,106)=6.0, p=0.001  A, Bp < C 
Short-time recall     9.3 ± 1.1 10.7 ± 1.2 F(3,104)=4.3, p=0.007  Bp < C 
Delayed recall    8.8 ± 1.1 11.6 ± 1.2 F(3,111)=6.3,  p=0.001   Bp < C 
Recognition    27.0 ± 1.2 30.2 ± 1.2 F(3,111)=7.1, p=0.000  Bp < C 
Values in estimated mean (95% confidence interval) based on raw scores with covariate age, gender 
and estimated IQ. Bp = Bipolar disorder with a history of psychotic symptoms. Bn = Bipolar disorder 
with no history of psychotic symptoms. A = ADHD combined type. C = Controls. aSignificant 
differences after posthoc Sequential Bonferroni adjustment. n.s. = not significant.  
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Table 4  Memory performance in diagnostic subtypes of bipolar disorder, and comparisons with 
ADHD-C and controls.  
 B1 
n=10 
B2nos 
n=13 
A vs. B1 vs. B2nos vs. C Pairwise  
comparisonsa 
Working memory 
Digit span 10.7± 1.5 11.4 ± 1.4 F(3,109)=5.3, p=0.001 A < C 
Verbal declarative memory (Children’s Verbal Learning Test-II)                  
Learning trial 1 6.1 ± 1.3 5.5 ± 1.1 F(3,111)=4.5, p=0.005 A, B2Bnos < C 
Learning trial 2 8.2 ± 1.6 6.5 ± 1.3 F(3,111)=9.0, p=0.000 A, B2Bnos < C 
Learning trial 3 9.3 ± 1.5 9.5 ± 1.4 F(3,111)=6.7, p=0.000 A < C 
Learning trial 4 9.6 ± 1.4 9.9 ± 1.3 F(3,111)=11.7,p=0.000 A,B1, B2Bnos < C 
Learning  trial 5 9.9 ± 1.6 11.5 ±1.5 F(3,111)=9.7, p=0.000 A, B1 < C 
Semantic clustering 0.7 ± 1.5 2.4 ± 2.7 F(3,106)=3.4, p=0.020 B1 < C 
Short-time recall   10.2 ± 1.1 9.8 ± 1.2 F(3,104)=3.2, p=0.025 n.s. 
Delayed recall  9.7 ± 1.2 10.8 ± 1.2 F(3,110)=3.0, p=0.034 B1 < C 
Recognition    27.8 ± 1.2 29.4 ± 1.2 F(3,111)=3.5, p=.017 B1 < C 
Values in estimated mean (95% confidence interval) based on raw scores with covariate age, gender 
and estimated IQ. B1 = Bipolar I disorder. B2Bnos = Bipolar 2 disorder and Bipolar disorder not 
otherwise specified. A = ADHD combined type.  C = Controls. aSignificant differences after post hoc 
Sequential Bonferroni adjustment. n.s. = not significant.  
 
 
 
